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INTRODUCTION. 



The term Geometry, according to its strict deriyation, means the ^ art 
of measuring the eartit," The science is supposed to have originated 
with the Egyptians. The annual overflowings of the Nile caused frequent 
destruction to the marks and boundaries of the fields on its banks, hence 
the first impulse to the discovery of means whereby a knowledge of their 
extent and boundaries could be ascertained and recorded. Whether this 
be the true history of the origiit of the art or not, it is not within our 
province to determine ; like many other theories it may be more fanciful 
than correct. We are rather inclined to think that the science has been 
a strictly progressive one, a slight knowledge of its use and elements being 
possessed by man even in the early stages of the world's history. In 
daily contact with material things, the eye becomes accustomed to mea- 
sure distances and scan altitudes, the river's breadth, and mountain's 
height, — ^the hand, in grasping objects, to ascertain their figure and 
estimate their bulk. The science of Geometry is now, however, that 
which investigates the properties of magnitude generally, and its relation 
to number, — its objects are, extension and figure. 

Geometry is divided into two parts or branches — Theoretical and Prac- 
tical, or Demonstrative and Constructive ; in the former the principles 
of the science are treated abstractly, — ^the latter shows their application 
t'o the useful purposes of every-day life. In the varied branches of the 
arts and sciences, numerous are -the operations performed by its aid. In 
the warlike operations of the " tented field," the soldier is indebted to it 
for assistance, in razing the fortress and cannonading the ^^leagured town," 
— ^the sailor, ploughing the pathless deep, owes his safe arrival in his 
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destined port to its unerring guidance, — ^the architect, in designing his 
specimens of the beautiful, — ^the engineer, in carrying out his gigantic 
operations, — ^the mechanic, in planning an automaton machine, a steam- 
engine, or a powerloom ; all are indebted to a knowledge of its properties, 
and a facility in performing its constructions. And not less observable 
is this in the humbler walks of trade and commerce, for, in almost all of 
them, may its influence be traced, and its importance exemplified. 

Practical Geometry is the basis of all drawing. As the combination 
of lines and curves of the various letters form the foundation of written 
language, so the like combinations in geometrical construction form, we 
conceive, the foundation of the art of general drawing in all its branches. 
We do not insist so much on the fact, that the lines and figures known 
as geometrical, are to be found more or less strongly indicated in all the 
varied and graceful forms scattered before us — floating in the air — waving 
in the trees — adding beauty to the rich landscape, or mirrored in our 
glassy ponds ; but we would rather impress upon the mind of the reader 
the importance of the truth, that a knowledge of Geometry is essentially 
requisite before an acquaintance with accurate drawing is attainable. 
That a freedom of handling, a finish of touch, or an exquisite grace in 
pencilling, is attainable by desultory and long-continued practice, we do 
not deny, and that such attempts will often pass for correct drawing, 
but let them be careftdly examined, and the truth will become evident; 
that their beauty has been merely in the execution, and their accuracy 
only apparent. Even in artists of acknowledged celebrity, whose works 
have been scarcely less admired for their originality of conception than for 
their exquisite colouring, defects are observable by a cultivated eye, which 
owe their existence to a want of geometrical knowledge. And this &ult 
may be more frequently found than is generally acknowledged. But, a 
short time ago, the Master of a School of Design regretted that he could 
not impart a correct knowledge of the higher branches of the art of 
delineation, to pupils whose delicacy of finish, or other qualities, justified 
the attempt ; because the principles and practice of perspective had to be 
mastered, and this was not available, from their ignorance of the merely 
RUDIMENTARY principles of practical Geometry. To us the remedy seems 
amazingly simple. Such a work as we now present to the Reader may 
be usefril in sipiilar cases, in providing means by which the requisite 
knowledge so desiderated may be easily imparted. We feel confident that 
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greater progress, even in artistic drawing — a branch generally considered 
as having but a slight connection with Geometry — ^would be made, if the 
pupils were, as a matter of every-day education, rendered familiarly 
acquainted with geometrical forms and their applications — their construc- 
tion and proportions — their combination and transposition — the power of 
estimating distances, and the direction of Lines. Drawing, in its widest 
acceptation, may be defined as '^ the art of delineating and representing 
forms and objects;" and as these are susceptible of the greatest diversity 
of change, dependent upon the position in which they are viewed, it is 
clearly requisite that the pupil must be able to estimate precisely the 
amount of such change, before the objects themselves can be deKneated 
with accuracy. This facility of estimation is solely to be acquired by a 
knowledge of the constituent parts of the forms themselves, assisted by a 
practical adaptation of the mathematical principles which govern the 
laws of vision. Hence may be deduced the reason why so many &il to 
delineate objects accurately; having no fixed principles to which to recur, 
they draw them as they see them, or fancy they see them, not as they 
really exist or are presented to them. Nor is it till they are' acquainted 
with the structure and combinations of the lines which form all objects, 
however complicated, and the laws which govern their transmission to 
the visual organs, that they can see the violent errors of delineation they 
have committed. And this essential knowledge can only be obtained by 
the aid of Practical Greometry. We are aware that a considerable pre- 
judice exists in the minds of many, as to the utility to be derived from a 
thorough knowledge of geometrical drawing; it has been generally looked 
upon as only useful to the architect, the engineer and mathematician 
or to the operative in his workshop. Being thus looked upon as an 
exclusive branch of education, it has been treated as if exceedingly limited 
in its application. That it is not so, we trust we have already shown ; 
and further comment as to its imiversal usefulness, in this the time of 
practical science, we deem, here at least, to be altogether unnecessary. 

The following treatise .has been designed to present a series of useful 
geometrical problems, the whole of which may be made available in the 
various departments of practical science ; we have given none which 
require for their construction expensive or complicated instruments — ^the 
drawing board, square, ruler, compasses, pen, and pencil, comprising all 
that are requisite. We have refrained from giving those problems con- 
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Iiected with the Mensuration of Surfaces, or Heights and Distances, which 
require the aid of more expensive instruments, ajid a knowledge of 
principles and rules, chiefly as we conceive them to belong to the branches 
which should be treated of under the distinction of Theoretical and 
Practical Mathematics. We do not consider it necessary to take up space 
by describing the instruments essentially requisite ; all that is required 
is their distinctive names, their construction being at once obvious on 
inspection. To those however, who are desirous to become acquainted 
with the more complicated instruments, and their use itt the higher 
Mathematics, we beg to refer them to the work above noted, in this 
series, where a full description will be met with. The requisite instruments 
are, 1st, the drawing board : this should be at least 18 inches by 12 broad, 
made of good seasoned baywood, having cross pieces at the ends to 
prevent warping. 2nd, the drawing square : the blade must be equal in 
length to that of the board ; one made with thumb-screw and moveable 
stock will be useful in drawing oblique lines, drd, parallel ruler : the 
wheel form is the best and most useful 4th, compasses : two are requisite ; 
one with a pencil leg, called '^bow compasses," the other having a pen leg, 
for inking in the circles, &c.; a pair of small compasses, termed ^spring 
dividers,** would be of use in marking off minute divisions; for executing 
large diagrams a pair of large compasses with moveable leg will be 
requisite — ^pencil and pen legs will be necessary with this. 5th, ^ drawing 
pen :*' lines of various thicknesses can be drawn by this, by merely 
turning the screw. 6th, pencils : a very good kind for general use is 
Foster's " phonographic" penciL Cartridge paper will serve admirably 
for the initiatory lessons ; it may be fastened on the board by *^ drawing 
pins," or by pieces of gummed paper, or even by wafers. 

December, 1852. R. S. B. 
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DEFINITIONS AND CONSTRUCTIONS. 




A PomT is that which has no parts — such is the true mathematical 
definition ; it is thus merely an idea, not apparent to our senses ; but 
to perform an operation we must have something obvious to these ; it 
has^ therefore, been agreed upon to represent a mathematical point, which 
B^ has merely position, by a physical one, which has 
comparative size, and is generally made by the point 
of a pencil, a pin or compass leg ; the position from 
which a circle is described, as a fig. 14, is termed a 
point; also the place where two lines, a, 6, fig. 1, 
intersect or cut one another; it is in this case generally called the point 
of intersection. 

A LINE is that which has length but not breadth, it has been defined 
as the "flowing of points." A geometrical line is therefore made by 
joining a succession of points, and this is done by placing the edge of a 
ruler to coincide with the points a, 5, fig. % and drawing along it 




fig. I. 



^ 



H 




€€- 



fig. a. 

with a pencil or graver. A line is 

termed indefinite when it has no fifi»* 9* 

obvious termination, as a, 5 ; finite when terminated by obvious marks, or 

supposed to have such, as c, e/. A line is said to be produced when it is 

lengthened in the same direction; thus a line may only extend to 6, 

fig. 2, but it may be produced to c]? or c. A circular Ime, a, 6, %%, 3, 

is that which is continually changing its direction and described by 

compasses from one point, which is termed its centre, the line forming a 

circle is a completed circular line. A curved LnrB, ^ <^, is that which 
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is drawn in more than one direction. In geometrical drawing, lines 
are used in two ways, " apparent" or " determined" lines, as a, b, ^g, 4, 



c ^ 



tc. 



3 



fig. 4. 



a. 

fig. 5. 



and "occult" or "partial," aa c, d. In general occult lines are shown in 
diagrams as only useful in constructing them, but meant, after the 
operation is peiformed, to be rubbed out, the determined lines being 
lefb in. A line is said to be perpendicular to another, as a, 6 to c, d, 
fig. 5, when the angles on each side of the upright line are equal to 
one another. A line is said to be vertical as c, d, when it inclines 
neither to one side nor the other; it differs from a perpendicular line 
in the &ct that it is always straight up, whereas a line may be per- 
pendicular to another, and yet be itself much inclined, — ^thus a ship's 
mast may be both vertical and perpendicular to the deck, in time of 
complete caim^ but if storms arise, and the vessel reels over to one side, 
the masts are no longer vertical, although still perpendicular to the deck; 

this distinction should be carefully noted. A 
horizontal line is that which is parallel to the 
« horizon, or a>t right angles to a vertical line, a, b, 
is a horizontal line. Lines that are neither 
vertical or horizontal are said to be oblique^ as 
a, b, c, and d, ^g. 6. Lines that follow one 
another at equal distance, and which if produced 
ever so fiur both ways never meet, are called 
parallel lines, aa a b, c d, e /y g h, fig, 7. 



fig.e. 



a^ 



fig. 7. 



a 
d. 





fig. 8. 



Curved lines, as a 6 c ^, fig. 8, may also be parallel, and circular 
lines, e fy g h'y these are termed also concentric, as in fig. 86, are 
tWQ concentric circles. The sides of a figui^e, or the boundary 
lines, are those within which the figure is contained, as a, b, c d, fg. 13, 
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axe the sides of the figure abed; the line c, d, is called the base, on 
which the figure rests or is constructed. Lines that incline towards one 
another, as a &, c &, figure 9, and if produced would 
meet in a point, are angular lines, and form an angle, 
as the angle a b c, c b a; when -the Unas are right or 
straight Imes ab c b, the angle is rectilineal, but if 
curved, or circular 9Ji f g, A ^, it is a curvilinear 
ANGLE. When a perpendicular line cuts another, as 
ab, c b, fig. 10, the angle formed at the point of inter- 
section is called a right angle. If an oblique line 
meets a horizontal one, the angle formed at the point 
of intersection is either an acute or an obtuse. An 
OBTUSE ANGLE, abc, fig. 11, being greater than a right 
angle, or more than ninety degrees; an acute angle, ^ 
fig. 12, less than a right angle. 




H 9. 




€t^ 




4*" 



e h 

fig. 10. jBg. 11. fig. 12. 

A SUPERFICES, or SURFACE, is that which has length and breadth but 
not thickness, hence it is that which is formed by boundary lines, as 
ab cdy efg A, fig. 13. A figure is that which is contained by three, 

(fig. 19) or more {1^, 31) sides. A ^ ^ 

diagonal is a line drawn across a figure, 
^ ^ h f 99 %. 13, joining opposite 
angles. Figures bounded by right lines 
are termed rectilineal; those by curved, 
cttTvilineal, A circle is drawn by 
{facing one leg of the compasses in the 
centre, as a, fig. 14, and opening the 
compasses till the other leg reaches the 
point 6, then cause this leg to revolve 1/ 
round the point a till it returns to itself; e 
the distance by which the circle is de- 



C^ ■••«ki 




fig. 14. 




fig 15. 
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scribed, as a 6, is called the radius, and the diameteb, as c a 6, is double 
the radius j the boundary line is called the cibcumferenck There are 
360° in a circle, 180*^ in a semicibcle, adb, fig. 15, and 90° in a quadrabt, 
as c a &, fig. 16. The semicircle is described from the centre d; the 
quadrant from a, two lines a b, a c, being first drawn at right angles to 






a- 

fig. 1«- H' 17. fig. 18. 

one another. A seomemt, as a, b, fig. 17, is a portion of a circle contained 
by part of the circimiference, and a straight line joining its extremities, 
aac d, e/; this straight line is called the chord, and an arc is part of the 
circumference of a circle. A sector is part of a circle bounded by two 
radii, or semi-diameters, as a b, a c, fig. 18, and part of a circiiiii£Brence. 

An equilateral trdlngle is a right lined figure, baring three equal 
sides, as fig. 19. 




fig. 19. 





fig. 21. 



fig. 20. 



A RIGHT ANGLED TRiAKGLE is that which has a right angle, as fig. 20; 
a 6 is called the base, b c the perpendicular, and a c the hypoteneuse. 
An ISOSCELES TRIANGLE is that which has two equal sides, as fig. 21. 

An OBTUSE ANGLED TRIANGLE is 

that which has an angle greater than 
a right angle, as fig. 22. 

A SCALENE TRIANGLE is that which 

has three unequal sides, as fig. 23. 
fig. 22. A SQUARE is a figure contained 

within four equal sides, all the angles of which are 
right angles, as fig. 24. 







fig. 23. 



fig. 24. 



fig. 25. 



DEFINITIONS AND CONSTRUCTIONS. 



A PABALLELOORAM is a reotiliiieal figure, contained within four equal 
sides, two of which only are equal, as fig. 25. 

A RHOMBOID is a quadrilateral, or parallelogram, but has no right 
angles, as &g, 26. 




fig. 26. 



fig. 27. 



A RHOMBUS is a quadrilateral, the sides of which are equal, but has no 
right angles, as fig. 27. 

A TRAPEZIUM is a quadrilateral, a^ 

the opposite sides of which are 
neither equal or parallel, as ^g, 28. 
A TRAPEZOID is a quadrilateral, 
fig. 28, none of its sides being equal, but 

two parallel, qa ah c d, fig. 29. tH 

A PENTAGON, ae d c bfh that which has ^ve sides, fig. 29. 







fig. 80. 



fig. 31. 



it is of two kinds, equal sided and angled, as fig. 30, and irregular, as 
fig. 31. 

A HEZAOON is a 
figure having six 
sides, a / e d c b, 
it is ot two kinds, 
equilateral and equi- 
angular, as fig. 32, 
and irregular, as fig. 
33. 

A BEPTAQOK is a 




o^^^^^^ 






fig. 33. 



fig. 82. figure having seven sides, it is also of two kinds, 

regular, as fig. 34, and irregular, as fig. 35, 
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An OCTAGON is that which has eight sides, it is of two kinds, regular 





fig. 35. 

and irregular; fig. 36 isare-gular octagon. 
A NONAGON is that which has nine 
fig. 34. sides; fig. 37 is an equal sided nonagon. 

A DECAGON has ten sides; fig. 38 is an equal sided decagon. 

An ELLIPSE, or oval, as it is more popularly 
termed, is produced by the section of a cone, 
a chy by a line d e, not parallel, that is oblique, 
to its base, as shown in fig. 39. The largest 
diameter, as a 6, fig. 40, is called the "transverse 
diameter," or " axis ;" the shortest, c d, the " con- 
jugate." The two centres, e f, are termed the 
" foci," they are placed in the transverse diameter, 
at an equal distance from the conjugate. The 
"centre" of the ellipse is at the point of inter- 
fig- S6* section of the two diameters. All lines drawn 





fig. 37. 



fig. 38. 



within the ellipse, parallel to one another, and bisected by a diameter, 
are called obdinates to that diameter which bisects them, as A h. 
The point where the diameters touch the circumference or boundary 
line of the ellipse, is called the "vertex." When the transverse 
diameter, as a 6, is cnt into any two parts by an ordinate, as e, the 
parts, a e, a g, are called ^' abscissa." 

A PARABOLA is the plane of a section of a cone, a b c, cut by a line, 
de, i^arallel to one of its sides, as shewn by fig. 41. A line, a h', fig. 42,; 



DEPINITIOHa ANB COHSTRUCTIONS. 



through the middle, ia called its '■ axis," c a d the " directrix," e is 
the "vertex;" all linea, as// that cut the axia at right angles are 





called " ordinates ;" the greatest ordinate, as b b, limiting the length 
of the parabola, is called the "base;" right lines dravn within a 





fig. 41. fig. 13. 

parabola parallel to its axis, as ^, are called 
"diameters;" the ordinate drawn through the 
focus is called the " parameter;" the abscissa is 
that part contained within the vertex and the 
ordinate, b b, wiiich limits its length, aa e b'. 

The HYPEKSOLA is a figure formed by the plane 
of a section of a cone, c6 d, fig. 43, hyaline either 
parallel to its axis, as g, or otherwise aa « a, 
BO that if the cutting line be produced through 
one side of the cone, as at o, it may meet the 
other side of the cone, if it be produced beyond 
the vertex &, as to a. The figure hn o nmJA 
a hyperbola. The line o g drawn through the 
middle is called the " axis," that part of it aa o o, 

■which is produced till it meet the other aide of ''■tT gr 

the cone produced, is called the " transverse 
diameter." Ordinates are lines drawn within 
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the figure at right angles to the axis, aann; that ordinate passing through 
the focus is the '^ parameter/' the middle point of the transverse diameter 
is called the centre of the hyperbola — ^from this point lines can be dravn^ 
which will approach nearer and nearer to the sides of the hyperbola^ jet 
never really meet, however £u* the curve lines be produced, lines thus 
drawn are termed "aasymptotes." 

The CONJUGATE AXIS is a line drawn through the centre of the 
hyperbola, terminated by a circle, dra^m from the vertex of the curve ; 
the radius of this circle bemg the distance between the centre and 
focus of the ellipse. The assymptotes are drawn from the centre 
through the terminations of the conjugate axis. 

The CONCHOID, a conic section 
-^ or curve, discovered by Nicomedes, 
about the year a.d. 450, the pro- 
perties of which will be here- 
after described; in figure 44, 
which represents the curve, a 6 is 
the centre line, / e the " superior 
conchoid," and d c the "inferior 
conchoid." 

The cissoiD, another curve or conic section, 
shewn in fig. 45, it was discovered by Diocles, 

a mathematician, who flourished about A.D. 
150. 
The CYCLOID — ^a curve, generated in the following manner : — Let a b, 

fig. 46, be a straight line, along 

•-^^^^ which the circle c d rolls as a cart 

\ wheel does along a road ; if the 

: distance, a b, is equal to the 

/ distance which the circle rolls 

'*' over in one revolution, or in other 

words, equal to its circumference, 

the point c will trace out the 




fig. 45. 




€£^ 



fig. 46. 
curve, as shown in the diagram. 




fig. 47. 
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Tu fig. 47 we give a representation of the drawing board, abed; the 

^ I j> ~^ 9 ~\h square is e eff. Fig. 48 shews the 

^^ 'P^ two forms of parallel rulers. Figs. 

4M,v-j/- ; — Y~ !«' ^^ ^"^^ ^^ *^ various forms of 

~ scales. Fig. 64 is a ''diagonal 



^ r-S- f. ■■■ ■ ' ■■ -;i-| f scale :" and fig. 65 a « protractor. 



tig. 48. These we shall more fully de- 

scribe hereafter. 
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PEOBLEMS. 



To DRAW A BIGHT LINE PARALLEL TO AKOTHEB, AT A OIVEM DISTAMCK 

Let/ e, fig. 49, be the line, and d the distance. With the distance d in 



h 



rn 






/■/ 



■^ 



y^: 



/ 



«. : 



fig. 49, 



-^ 



fig. 50. 



: 3 

s — 





the compasses as radius, from any two points, as ^, A in the line / e, 

describe arcs atmn; touching these draw a line o o, it is parallel to e/. 

Meth, 2nd, Let a 6, fig. 50, be the line, another parallel to it may be 

drawn at any distance as follows : from any point c with any radius 

d^icribe a semicircle, fix)m the points where it cuts a h, at d, e, with same 

distance cut the semi- 
circle in. /, g; through 
these points draw the 
desired line. Meth. 3rd, 
Let a 6,fig 51, be the line, 
and c a point above it, 
through which it is de. 
sired to draw a line pa- 
rallel to it. From any 

point, d, draw a line to c; with c das radius from 

c, dy describe arcs ; from d and e with distance e c, 

cut the arcs in / and c ; through the points thus 

obtained draw cj- — ^it is parallel to a h, Meth, 4:th, 

Let a b, fig. 52, be two point.s through which it is 

desired to draw two lines parallel to each other. 

Draw a line 6 c through the point b; from a describe 

an arc touching b c; from b with same radius, 

describe another arc, e ; through a draw a line, a e, touching the arc 

e — a e is parallel to 6 c. 



fig. 51. 




fig. 52. 
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To DRAW A LINE PERPENDICULAR TO ANOTHER AT A GIVEN POINT. — -Let 

h a Cj fig. 53, be the line, and a the point. From a with any 
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fig. 63. 

radius describe a semicircle cutting the line 
in h and c; from c, h with radius h c, % ^^• 

describe arcs cutting in e; join a e it is perpendicular to h c, 
Meth, 2nd. When the point is above the line. — ^Let h c, fig. 54, be the 
line, and a the point ; firom a with any radius describe an arc cutting b c, 

in 6, c, in these points with same 
distance, describe arcs cutting in 
d, draw a d. Meth, 3rc?. — "Wnjss 
the point is at the end of the 
LINE. — ^Let a, fig, 55, be the point, 
and a h the line ; taJs:e any point c 
above the line, with c a describe part 
of a circle ; from b through c draw 
a line to e, where this line cuts the 
circle draw to a. Meth, Ath, — ^Let a b, 
fig. 56, be the line, and b the point : 
from b with any radius as 6 c de- 
scribe the arc c e ; from c with same 
distance lay off to / and e ; from 




fig. 55. 
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fig. 57. 
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fig. 56. 



these points as centres, with 
same radius still in the com- 
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passes, describe arcs e g^fh, cutting in m — draw h m. Meth. 5th, When 
THE POINT IS BEYOND THE LINE. — ^Let b 0, fig. 57, be the line, and a the 
point; from b as centre with b a, describe the circle a/e; from e 
with a b cut this in /, and from /to d; join a d — ^it is perpendicular 
to b c, 

, To BISECT A RIGHT LINE, THAT IS, TO CUT 

''*. *>'' IT INTO TWO EQUAL PARTa — ^Let a 6, £g, 58, 

/\\ be the line ; from a b with any radius 

x^ describe arcs cutting in points c, e above 

/ j \ and below the line, through these draw a 

/ ! \ line c d e ; dis the " point of bisection."* 

a ; y ^ ? To DIVIDE A GIVEN LINE INTO ANY NUMBER 

' I I ! ^ OP EQUAL PARTS. — ^Let a 6, ^g, 59, be the 

I / line ; from a and b, with a b, describe arcs 

\ i / a c/b d ; from a 6, with any distance cut 

\ j / these in c, d, from a, b, draw through c d, 

indefinite lines ab,b6; these will be parallel 

to one another but oblique to a 5. From 

J ' a, by divide the lines into any number of 

equal parts, always one less than a & is to 
fia. 58. }yQ divided into, as 6 in the diagram; join 

the points 1, 6, 2, 5, &c. — ^these lines will mark the points of division 
on a b. 
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fig. 59. 



To CUT OFF FROM A CIRCLE TWO EQUAL SEGMENTS. — ^Lct h g C, fig. 60, be 

the circle; draw the diameter a db ; from its centre d draw d^ y perpen- 
dicular to a 6/ ]omfa,fby ah/fg b are the segments. The division of 
lines is of use in the construction of acalea. The first we shall notice is 



* The m4iitt of the arcs miut be gretiter than half the Une to be bisected.— See fig. 82. 
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that of feet and inches. There are 12 inches in 1 foot : suppose then that 

any distance is assumed to repre* 
sent a foot, and this be divided into 
twelve equal parts, each of these will 
be an inch ; and the longer distance 
may be multiplied to any extent to 
denote the number of feet required 
the scale. If half an inch is 



in 




-4^ 



taken as the representative of a foot, 

then the scale is denoted as ''half 

inch to the foot," and so on. In 

making a scale, a line, as a 6, fig. 61, 

is drawn, and the assumed distance 

laid on it any number of times, as 7 

in the drawing. The division ^ 

to the left Imnd is generally **'—*- 

used to denote the space of 

"inches," it is therefore divided yt ^ ^ ^ 3 ^ ^^ 

into twelve parts ; in the figure • ^ 

we have only shown it divided ng. 61. 

into two; c denoting the position of the 6th inch. The line deia divided 

so as to make a scale of an inch to the footr— the inch division isfully 

marked out. In fig. 62 the method of drawing « scales" ia shown, the 

lowest is a scale of ten 

feet — ^this is used in 

architectural plans and 

surveys. Suppose a line 

is to be divided for the ^^^ 

purpose of making a 

scale, sa a by fig. 63; 

from a with a distance 
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as near half a 6 as the ^^ '^^^ 
eye can judge, lay off to 
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fig. 62. 
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fig. 63. 



d, by sweeping the other leg round 
towards 6, it is found to reach to 
e'y the distance 6 c is therefore the 
measure of the excess of the dis- 
tance obtained over the actual line 
to be divided. If then heiB bisected, 
and half of it carried fix)m d to g, 
g will be fotmd to divide a b into two equal parts. To divide a line, as 
h niy into an equal number of parts, as 4, it will be quickest done by 
dividing it by Problem in fig. 58, till the point is found as the point o, 
dividing it into two parts, then these divisions, as A o, o m, into two 
other parts. To take a distance from a scale : suppose it is 4 feet, on the 
point marked 4, on the line a b, fig. 61, reach to 0; suppose it 4 feet 6 
inches, from 4 reach to c, the division denoting the 6th inch. 

To coNSTRUcrr a diagonal scale fob.measurino laboe distances. — 
Draw the line c 2, fig. 64, and divide it into any number of equal parts, 

b2 
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as three; for use the diTision should be eleven in number; divide the last 
dlviidon to the right hand into ten equal parts ; from e draw e d perpen- 
dicular and equal to this, and divide it into the same number of equal 
parts; number these as at 3, 4, &o., these denoting 20, 40, &c.; the 
intennediate onea, 30, 50, Jcc. From cf drav cf « pcurallel to 3 <;; from 
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Off. 64. 
the points ia e d, draw lines paisllel iode; through the large division in 
2 c draw lines parallel to c c^ Divide d /into ten parts, and from these 
draw to the division on c 2, as in the drawing. To measure distances 
from this scale proceed as follows : suppose the distance to be taken is 
250; with compass jKiint in the large division 2, open to the point 5 in 
the division to the right hand — to measure 165 ; with point of compass 
in one, lay off to division 6 j then with point in this, bring down the 1^ 
in 1 to the 5th horizontal division, then move the point from 6 to the 
same division. In this scale the distances may have different values j 
thus, the large diviflions may be ten, while the amall ones will be each 
one, or the large one hundred, and the firrmll tens, or the large a thousand 
and the small ones hondreds. 




fig. 65. 

To BISECT A orvEN ANOLE. — Let a b c, fig. 66, be the angle, from the 
apex a, with any radius, describe an arc 6 e c; frvm b and e, with same 
radius, describe arcs catting in d ; join a (^ it is the line of bisection. 
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An angle beiko qiven, to draw another similar to it. — Let db c, 
fig. 67, be the angle; draw a line c d; from b with any radius^ describe 
an arc h g; from c, with same radius, describe, h n; measure from h to g^ 
where the line b c cuts the arc g h; lay this distance from hton, from c 
through n draw a line c n — d c n is equal to d b c. 






4l 



To bisect a quadrant op a circle. — From a, 6, fig. 68, with radius 
greater than half of the arc a 6, describe arcs cutting in d, c; join c d; 
where this line cuts a 6 is the point of bisection. 





nit- 
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fig. 68. 

fig. 69. 

To construct a scale of chords, by which angles may be mea- 
sured AND LAID DOWN. — Draw a b,a c, ^g. 69, at right angles ; from a, 
with any radius, describe the quadrant b c; divide b c into nine equal 
parts ; join be; from b transfer the divisions in & c to this line. "Eauch 
of these divisions comprise ten degrees, and the chord of 60° is equal 
to the radius a b» The distances on 6 c may be transferred to a straight 
line, for the convenience of use, as 7n n. Angles are also measured and 
laid down by means of an instrument called the "protractor." It may 
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re 




fig. 70. 



be readily constructed of card-board, or thin veneer; draw any line a b, 
^g. 65, from d describe a semicircle, and draw rfc at right angles to ab; 
divide the quadrants into nine equal parts, each comprising ten degrees, 

thus making 180° in the semicircle. 
From d draw lines through these 
points, the position of the tenth divi- 
sion will be thus marked ; by dividing 
each of these into ten parts the posi- 
tions of the degrees will be given. An 
inspection of the drawing will explain 
the method of construction. 

To CONSTRUCT AN ANGLE LESS THAN 
90° BY MEANS OF THE SCALE OF CHORDS. 

— Draw any line a b, fig. 70; from a, 
with the chord of 60° as radius, describe an arc de; suppose the angle is 
to be 40°, take this distance from the scale of chords, and from d cut 
the arc in e, from a draw a e; a e is at an angle of 40° to a b. 

To MEASURE A GIVEN ANGLE. — Let a b c, fig. 70, be the angle ; from a 
with chord of 60° describe an arc d e; from d measure to e, where the 
angular line cuts the arc ; measure this distance on the scale of chords ; 
this point gives the angle. 

To CONSTRUCT AN ANGLE GREATER THAN 90°. — Draw any line, a b, ^g. 

71 ; from a with a radius of 60°, 

describe the arc d/; suppose the 

angle to be 110°, take any angle 

less than 90° from this, as 60°, 

and lay it off from d to e; the 

difference of 60° and 110° being 

50°, lay this angle from e to^*; 

\ join a/; it is at an angle of 

\ 110° to a 6. Note. — It is essen- 

J, tially necessary that the dis- 

-^ i tances of the angles be taken 

from the same scale as the radius 
"S* 71. QY chord of 60° is taken from. 

To CONSTRUCT AN ANGLE BY MEANS OF THE " PROTRACTOR." Let a 6, 

fig. 72, be the line on which an angle of say 45° is to be constructed; 

make the base of the protractor co- 
incide with the line a b, and the cen- 
tral point d, fig. 66, with the point e, 
from whence the angle is to be made ; 
mark on the paper the position 
of the point of 45° on the peri- 
phery, or outside of the protractor ; 
from e draw a line through this 
point ; it will be at an angle of 45° 
with a b] the point c denotes the 
jwsition of the angle laid down. Li 

like manner, an angle greater than ^ 
fig. 72. 
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90° may be laid down, bj placing the protractor properly, and majrk- 
ing the position of the point of the angle, which will be found in the 
left hand side of the protractor. Angles may also be measured by 
producing the line if necessiuy, so that it may reach beyond the peri- 
phery of the protractor, when the base is made to coincide with the base 
line of the angle. If the central point of the protractor coincides with 
the point from whence the angular line begins, the point where it cuts 
the edge of the protractor denotes the angle. 

A GIVEN LINE CUT INTO SEVERAL PARTS TO DRAW ANOTHER LINE CUT 

IN THE SAME PROPORTION. — ^Lct a b, fig. 73, be the line, and c, d, e, the 
points where it is cut, and g h the line to be cut. Join g hio a hf 
making any angle, as a m ; join m h ; parallel to this, through c d €, 
draw lines to o s t — these are the points, cutting a m equal to g h. 
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fig. 73, 
Two LINES BEING GIVEN TO FIND A THIRD PROPORTIONAL. — Let a h, fig. 

74, be the two lines. Draw any line, c d, equal in length to a 6, joined ; 
from c draw a line c/*at any angle to c d, make c g^^c e or a, join g e; 
parallel to this, from d, draw d/—/g is the third proportional 
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fig. 74. 
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fig. 75. 
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Three likes being given to find a fourth proportional.— 

Let a b Cy fig. 75, be the lines. 
Draw any line, d e, with a from 

c I 1 ^. ^^^ it in / and from same 

e ; 1 point with b cut a line d n, drawn 

ci\ — 1 .^'''* ** ^Jiy angle to de in m; join 

,,•••'* \ m/; from /with c cut d e me) 

,.*^''' \ fix)m e draw to n parallel to mf- — 

..-••''" \ \ m 91 is a fourth proportional to 

^,A' \ \ a b c. 

,.'-'' \ \ \ To cut a given line so that 

"^ \- ^i- ^. THE DIVISIONS WILL BE IN PRO- 

PORTION TO LINES OP A CERTAIN 
LENGTH EACH. Let a 5, %!g, 76, 

fig. 76. he the line ; and c d e the 

lengths. Draw a A* at any angle to a 6 ; from a, with distance c, 
cut a A in /; with d from / cut a A in ^ ; and with e from ^ in A. 
Join h b; parallel to this, from /g, draw lines to m n — a b is cut in 
these points as required. 

o Two LINES BEING GIVEN, TO 

.---•"" I ■**••., FIND A MEAN PROPORTIONAL. 

\ ^^\ Let a by fig. 77, be the lines, 

j '\^ Draw any line, c d, from d, with 

: \ distance a, cut c din rrC", from rrC", 

i \ with 6, cut it in c: bisect c d 

/; \ in n, from w, with n c, draw a 

i ^^^i ^ i ci semicircle doc; from m\ draw to 

^ o perpendicular to c d—^, o is 

I — I the mean proportional between 

'^^ H ^ ab. 

' 7 i To DIVIDE A LINE INTO EXTREME 

AND MEAN RATIO. — Let a h, ^g. 78, 

fig' 7'^« be the line ; at the point h, with 

half a 5, erect a perpendicular b c ; from c, with b c, describe a circle ; 
from a, through c, draw a c; from a measure to d, where the circle 

,.,.^^ cuts a e, and lay it off from a to 

n. The line a & is divided at this 

X ^ point into mean and extreme ratio, 

\ — ^that is, the largest half, as a n, 

'» is a mean proportional between 

the shortest part n b and the whole 

line a b, 

A LINE BEING GIVEN REPRESENTING 
THE SUM OF TWO LINES, OF WHICH A 

ci^ ^ — ^^ •■ ^ "'^ MEAN PROPORTIONAL IS ALSO GIVEN, 

IT IS REQUIRED TO FIND THE POINT 

WHICH DIVIDES THE LINE INTO TWO 

^' UNEQUAL LENGTHS. Let a b, fig. 79, 

be the line, andc the mean proportional; bisect a bin d, and from d, 
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with d b, describe a semicircle ; itom a erect a perpendicular to n = c j 

from n draw to m parallel to 

ab; from m drop a perpen- ^. 

dicular to e — a e, and e b, are j 

the length of the lines, of which \ 

c is a mean proportional. i 

Two POINTS BEING GIVEN, TO j ; 
FIND TWO OTHEB POINTS EXACTLY 
INTERPOSED, SO THAT A RULE TOO 
SHORT TO REACH BETWEEN THE 
ORIGINAL POINTS MAT BE USED 
TO DRAW A LINE BY MEANS OF 
THE POINTS POUND. — Let a 5, fig. 

81, be the points. From these, 
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fig. 79. 



with any radius, describe arcs cutting mcd\ from c d^ with radius c d^ 
describe arcs cutting in ^ A* ; a line may be drawn from a to ^, from 
g\ioKf and so on ; thus drawing it, as if it had been done between the 
points a and b at once. 
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Two LINES GIVEN TO 
DIVIDE THEM, THAT THE 
PARTS WILL BE PROPOR- 
TIONAL TO ONE ANOTHER. 

— ^Let ab, cd, B.g, 80, be 
the lines. Draw d e^ab, 
and at right angles to d e, 
draw toy=c d; join ef- — 
bisect c]^ in ^, and describe 
the semicircle; from h, 
where e y*cuts the circle, 
draw to n, cutting d f\ 
draw h m parallel to d f\ 
transfer e m to a 6 from a 
to o, and m h from c to t. 

Two LINES CONVERGING 
TO A POINT NOT GIVEN, TO DRAW 
OTHER LINES CONVERGING TO THE 

SAME POINT. — Let ab Cy fig. 83, 

be the lines; draw any parallel <5c c^, / j ; 

lines as ef, ghmn, taJte the 1 u^}r- j ^; 

distance h A, and lay it on efto *' ' ' 

ef\ also iito g h, and o ato m 

n; through m g e, n h J] draw 

lines. In nearly the same way 

may a given line be cut into 

divisions similar to a given line. 
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fig. 80. 
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fig. 81. 

Let a bf ^g, 82, be the line, cut into 
divisions as shown ; c d may be cut similarly ; c d must be parallel to 
a b; from b a draw lines at any angle meeting in^; to this point, from 
the various parts of division, on a b, draw lines ; these wiQ cut c d, as 
desired. 
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ThROUOH a given POINT TO DRAW A UKR, WHICH WILL BE A 
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fig. 82. 
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TANOENT TO A CIRCLE. — ^Let ah C, 

fig. 84, be the circle, and d the 
point; from the centre of the circle 
a draw a line to d', bisect this in 
e ; from e describe a semicircle with 
radius e d; through the point 
where this cuts the circle, as b, 
draw from d — d h is the tangent. 
Meth. 2nd. — ^Let ah c. fig. 85, be 
the circle, and c the point through 
which the tangent is to be drawn ; 
from a draw a e; through c draw 
e c d, at right angles to a e; e e d 
is the tangent. 

A CIRCLE AND ITS TANGENT 
BEING GIVEN, TO IIND THE 
EXACT POINt OF CONTACT. 

Let dh €, fig. 87, be the circle, 
&ndecd its tangent; from a, 
the centre, drop a perpendi- 
cular, a cf- — ^the intersection c 
will be the point. 

A POINT WITHOUT A CIRCLE 
BEING GIVEN, TO DRAW A TAN- 
GENT THROUGH THE POINT. — 



I \ \ Let a he, fig. 86, be the circle, 

\ff_ U' / )Jk J and 0^ the point ; join a e/; from 

\ \ the point 6, where it intersects 



■■ 



fig. 83. 



the circle, draw a tangent, as 

^L .f. V hf) from a, with radius a d, 

describe a circle, d/h; from/* 
makey h=:/d join hd — it is 
the tangent required. In the 
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preceding problems we have aaeumed the centres of the circles to have 
been given; in practice this may not always be the case, we therefore 
give methods of finding the centres of circles. 

To FIKB THE CENTRE 
OF A GIVEN CIRCLE. 

Let ahc, fig. 88, be a 
circle, of which the 
centre is required ; draw 
any line a b, terminated 
by the circumference; 
bisect it in g, and draw 
ci^c at right angles to 
a b ; bisect c d in/; and 
draw / e at right an- 
gles to c €?; the point/ 
where they intersect, is 
the centre of the circle. 

Part OFTHECiRCUM- ' '*^».^ 

FERENCE OF A CIRCLE *'** 

BEING GIVEN, TO FIND 
THE CENTRE FROM WHICH 
THE REMAINDER MAY BE ^g* ^3. 

DESCRIBED. — Let abc, fig. 89, be the 
part given, and abc any three points 
therein ; from a and b, with radius 
a b, describe arcs cutting iade; and 
from b c, with b c, arcs cutting in 
g k ; through these draw lines cut- 
ting in w, it is the centre required. 
Three points not in a straight 

LINE being given, TO FIND A POINT 
WHICH WILL BE THE CENTRE OF A 
CIRCLE PASSING THROUGH THE POINTS. 

— Let abc, fig. 90, be the points ; 
from the points, as centres, with 
radius less than the distance be- 
tween them, describe circles cutting 
in ef, g d] through these draw lines 
cutting in m — it is the point re- 
quired. Meth. 2nd When the points 
are at a distance from each other, as 
a b e, fig. 91, join them by lines, 
bisect these in d, c\ from these 
points erect perpendiculars cutting • fig. 87. 

in g — it is the centre required. In cases where the points are nearly in 
a straight line, thus throwing, the centre at such a distance from them 
that it will be difficult to describe the circle with compasses, the circum- 
ference may be described by the following means: — Place two thin 
rulei*s, a bf b c, fig. 93, their edges coinciding with the points ; pass a 
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pin through both to the point b, on which they may freely move; they 
must be restrained at this angle by a cross piece fastened to both ; fix a 
pencil at the angle b, move the ruler so that their edges will always 
coincide with a and c, the pin or pencil at b will trace the circle. If the 
whole circle is to be described, the legs a b,be, must be of considerable 
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fig. 88. fig. 89. 

length. Meth, 3rd, Points may be found through which to trace a 
circle, which will pass through three given points, as a 6 c, Hg. 92. 
From a, through b c, draw lines produced to d e; from a, with any 
radius, describe part of a circle, as de; from e with d e, lay off on this 
to g, and so on; fix»m these points draw to a; from point c, with dis- 
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fig. 90. 
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tance 6 e, cut g aing; from g,ahmhy from h, the other line frt>m a — 
these are all points in the circumference of a circle, which will pass 
through a be. 

Having shown the various methods 
of drawing lines parallel, &c., by means 
of construction we now explain how 
these operations can be most rapidly 
affected, greatly facilitating complex 
constructions by means of the drawing 
board and square. The former is shown 
in fig. 47, a h c d; the edges are per- 
fectly straight and even, those at the 
ends being at right angles to those of 
the sides, and vice versa. A convenient 
size for ordinary geometrical construc- 
tion will be 16 inches long by 12 wide, 
f-inch thick ; having cross pieces at ^„ g^ 

the sides, to prevent warping. The 

form of the T square is seen in fig. 47, at e e, and is too well known to 
need further description ; the blade e e should be as long as the length 
of the drawing board. The square can be moved along the edges of the 
board without altering its 
position; this is effected 

by having a ledge on each \^ 

side of the blade. All lines, /s^ 

as mno, drawn parallel to ,-''' \ 

the sides, a d, b c, are at . ^,''' \ 

right angles to the ends b a, ^^.-<' \ 

c df while those parallel to ^^-^^ \ 

the end 8,Bst8, are at right ^^''' • 

angles to the sides — Whence <«ifr-- ■ -P-— i 

arises a simple method of ''\'*^-. > 

drawing lines parallel to one \ \ ***^.^ / j 

another. Thus, as the blade ; \ ""-.:^^ / \ 

e e of the square is at right • \ *"**^.^ / ! 

angles to the stock /^ it '. \ "^^-^ / 

follows that if the blade is ; \ '^^* 

placed to have its edges '/ ^, 

parallel to the sides of the /\ \ / 

board, all lines drawn along ; \h 

it are not only parallel to • \ y^ 

the sides, but to one another, \ ^^.^ ^ 

as 77» 71 oy if a line is to be \ ^^^-''' 

drawn perpendicular to one — '\^''' 

of these lines, all that is re- 
quired is to move the square ^^ 92^ 
into the position shown at 

at e e, e, the blade will then be parallel to the ends, consequently, lines 
drawn along its edge, as 8 t, will be at right angles to those previously 
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drawn^ asmn o. Again, by placing the edge of the blade to coincide 
with the points from which lines are to be drawn, either parallel or per- 
pendicular to each other, lines can be drawn as required. It is obvious, 
however, that when right lines are required to be drawn changed in 

their direction, it is 

necessary to move the 

square at each time; 

toobviatethis, asimple 

contrivance shown in 

£g. 20 is used; it is 

made of thin maho- 

\ gany, its side a 6 at 

right angles to b c — 

fig. 93. hence, if the side a h 

coincides or lies in contact with the edge of the drawing square, all lines 

drawn along h c will be at right angles to the edge — -the side h c must 

coincide with the point from which the perpendicular is to be drawn. 

In fig. 47, X shows the position of this simple instrument. The pupil 
will at once see the ease and rapidity with which lines can be drawn and 
figures constructed by the use of these contrivances. We shall now 
resume our problems — ^first noticing the various geometrical plane figures, 
and their modes of construction. 

To CONSTRUCT AN EQUILATERAL TRIANGLK 

Let a bf fig. 94, be the length of its side ; from 
a h, with a 6, describe arcs cutting d in c, join 
a c, b — a 6 c is the triangle. 

To CONSTRUCT AN ISOSCELES TRIANGLE, THE 
LENGTH OF THE BASE AND ONE OF THE SIDES 

BEING GIVEN. — ^Let a b he the base, and c d the 
side; draw e/, fig. 95=a b, from ef with c d, 
^J describe arcs cutting in ^ — join e g,/ff — e/g is 
fig. 94. the triangle required. 

To CONSTRUCT A RIGHT-ANGLED TRIANGLE, HAVING THE BASE AND 

PERPENDICULAR GIVEN. — Let a b, ^g- 96, be the base, and c d the perpen- 
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fig. 95. 



fig. 96. 
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dicular; draw ef and make e g'=a b; draw from g an indefinite line 
perpendicular to e g; with c d from g, cut ^ A in h — join e A. 

To CONSTRUCT AN OBTUSE ANGLED TRD^GLE, HAVING THE THREE SIDES 

GIVEN, AS ah c, PIG. 97. — Draw d e=c; from e with b describe an arc ; 
and from d with a another, cutting it in/; join d/, e/. Or the angle 
being given and two of the sides, it may be constructed as in fig. 71. 
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fig. 97. 



fig. 98. 



To CONSTRUCT A SCALENE TRIANGLE, HAVING THE THREE SIDES ab C 

GIVEN. — Draw efy fig. 98=a; from e, with side c, describe an arc ; and 
fromy* with b cut this in.g; join e g — -fg. 

To CONSTRUCT A SQUARE, THE SIDE BEING GIVEN. — Let a 6 be the side; 
draw c e equal to this ; with a b, from c d, describe arcs ; frt)m c d draw 
linesy cutting these arcs perpendicular to c d; join/ 6, c e,fd (fig. 99.) 
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fig. 100, 



To CONSTRUCT A PARALLELOGRAM, WHEN THE LENGTH AND BREADTH 

ARE GIVEN. — ^Let a be the breadth and 6, fig. 100, the length; make c d 
=a/ from c, with radius 6, describe an arc to e; raise the perpendicular 
c e, cutting the arc; from d, with radius A, describe an arc at// from e, 
with a, cut this mf; join efyfd. 
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To CONSTRUCT A RHOMBHOID, THE SIDE AND DIAGONAL BEING GIVEN. 

Let a^ fig. 101, be the breadth; b, the length, audc, the diagonal. Draw 

^ d e=h; from d e with a, 

I 'J, ' describe arcs to gf; from 

"* d with c, cut that in^ at 



V 




\ /. f; from y with distance 6, 
P\ cut that in ^; join d g, g 

To CONSTRUCT A RHOM- 
BUS, THE SIDE AND ANGLE 
BEING GIVEN. Let a b, fig. 

102, be the side, draw c d 

equal to it ; make the angle 

Ag. 101. d c e, equal to the angle 

given, and draw an indefinite line from cto €; from c with a 6, cut this 

me; do the same from dj and from e cut this iaf; join e d^fd. 



a: 






fig. 108. 

The method of construction of 
a TRAPEZIUM may be seen by the 
fig. 102. dotted arcs in fig. 103. — It will 

be obvious to the pupil, that quadrilaterals^ having angular sides, may 
be constructed by means of the protractor, scale of chords and equal parts, 
and the diagonal scale. Where these are used, one or more of the sides 
and angles must be given. Thus, to construct fig. 104, the sides and 
angles being all given — c d would first be drawn, then c b would be 
drawn at the proper angle ; and c a cut off to the required size ; a b 
would be drawn parallel to c dy and frt^m d, d a a,t the proper angle. — 
The construction of figures having many sides and angles will be treated 
of under the head of Land Surveying, in a treatise of this series in the 
higher branches of Mathematics. 

To CONSTRUCT A SQUARE ON A 

GIVEN LINE, a b, PIG. 105. — From a 
and 6, with radius a b, describe arcs 
to cd; from the point e of intersec- 
tion, with radius e a, describe a cir- 
cle ; with same radius, frx>m c, d, cut 
the circle in g and/; draw ag; b/ 
fix)m g,/, with radius of the circle, 
cut these lines ia h i, join h 
abchis the square required. 





fig. 104. 
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To C0NSTRUC3T AN EQUILATERAL AlO) EQUIANGULAR PENTAGON ON A 

GIVEN LINE, a b, FIG. 106. — From a with a b describe the arc b c; draw 
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fig. 105. 

the perpendicular a c, divide b c into five equal parts, draw a d, to the 
third of these from b; bisect a b ine; draw from this a perpendicular, 
cutting 11 rf in y^from y with J b describe a circle; lay a b five times 

round this, join the points. 

Meth, 2nd. — ^Let a b, fig. 





fig. 107. 

108, be the line; from a b de- 
scribe arcs cutting each other; 
drop from this a perpendicular; 
divide the arc from b into six 
equal parts, from the point of in- 
tersection lay one of these to d 
on the perpendicular — ^this is the 
centre of a circle, which will con- 
tain a b five times — d b is the 
radius. Meth. 3rd. — Let d b, fig. 
107, be the line ; from d with db 
describe a semicircle b d c, pro- 
duce d b to c, divide this into 
five equal parts, through the third 
c 



fig. 108. 




fig. 109, 
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of these draw df a — bisect d a, dh, in /and e ; from these draw per- 
pendiculars cutting in g — it is the centre of a circle which will contain 
d h five times ; the radius being = g d. Meth 4:th. — Let a b, fig. 110, 

7i^ 
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fig. 110. 

be the line ; from a, 5, describe with a h the circles cb d, a d f- — from 
the point dy draw tlirough the points of intersection a line to A— from d, 
with radius d ^a describe the semicircle n in 8\ from 8 and w, draw 
through m to c and/; from c and / with radius a b, describe arcs cut- 
ting in h — join a c, c h, h/,fb. Meth. 5th. — ^Let a b, fig. 109, be the 
line ; at b draw b c perpendicular and equal to a b ', bisect a 6 in c?, join 
c d, from d with d c lay off to e on a 6 produced — ^from a, 6, with dis- 
stance a e, describe arcs cutting in/; from /with a by describe another 
in ^ A, ; from a b with a b, cut this in ^, A; join the points thus found. 

A PENTAGON, AS FIG. Ill, BEING GIVEN, IT IS REQUIRED TO DRAW 

ANOTHER SIMILAR TO IT. — Bisect a 5 in cj draw perpendicular to ab, cd. 
Draw e/ fig. 112=a b — ^bisect it in^, draw g h, and make it equal to 
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c d 'y with radius a 5, from 6, f^ A, describe arcs cutting in m n ; join 
em, m h, hn, nf. 

Air IBREOULAB PENTAGON, AS FIO. 113, BEING GIVEN TO DRAW ANOTHER 

EQUAL AND SIMILAR TO IT. — Draw the diagonals a c, d 6, Draw any line 
fg, fig. 11 4= a b — ^fromy with radius a c, describe an arc; from g with 
b c cut this in h, join g h', from g with b d, describe an arc, and from h 





fig. 113. 

with a dy cut this in m — ^from m 
with d e, describe an arc, and fix)m 
/ with a e, cut this iu n — join h m, 
m n, n/. 

To CONSTRUCT A REGULAR HEX- 
AGON. — Let a b, fig. 115, be the 
line; from a and b describe arcs ^ 
cutting in e; frt)m e with radius ^ 
e b, describe a circle ; lay a b six . 
times round the circle, to d, ef, g — 
join the points thus found. Meth, 
2nd. — Let a b, fig. 1 1 6, be the line ; 
from a with a &, describe the semi- 
circle b e CyOn. ab produced to 
divide this into six equal parti 
draw ag to the fourth of these ; 
bisect a 5, ga, in d and o; 
drawperpendiculars from these 
cutting in e ; from e, with ra- 
dius e a, describe a circle— 
with a b fix)m g, cut this in A, 
from h cut it in m, and from 
m in y— join these points. — 
Meth, 3rc?.— Let a b, fig. 117, 
be the side; bisect it in c, 
draw c e perpendicular to ab; 
from a describe an arc with 
a b, cutting c e m d; through 
d draw / d g parallel to a 6 ; 
from d lay off to / g equal to 

c2 



fig. 114. 




fig. 115. 




fig. 116. 
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d h — ^make d c=c? c, through e, draw m n, parallel to ab; from a h draw 
through d, cutting e mnixLTnn] join the points mmfng, &c. Meth. 
4th. — ^Let a b, fig. 118^ be the side; bisect it in c, draw cd, and from 
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fig. 117. 



fig. 118. 
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a with a b, cut it 
in d — ^from a draw 
throughc?to/ — from 
ci? with d a cut this in 
/; from /make /^ 
parallel and equal to 
a b; from/^, with 
a b, describe arcs in 
971 n; from a b cut 
thesejointhepoints. 
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fig. 119. 



fig. 120. 
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fig. 121. 
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A HEXAGON, AS PIG. 119, 
BEING GIVEN, TO DRAW ANO- 
THER EQUAL AND SIMILAR TO 

IT. — Bisect a b, fig. 119, in c, 
draw c d, and join the oppo- 
site angles by a line through e. 
Draw / g (fig. 120)=a b; 
bisect it in h, draw h m=^c d, 
bisect this in 8, draw tap 
parallel to/h g, from m make 
o, n=:/gi from o, n with /g, 
cut t 8 p iat and p, join the 
points. An irregular hexa- 
gon, as that in fig. 33, may be 
drawn in the same way as 
figs. 113 and 114. 

A SIDE BEING GIVEN TO CON- 
STRUCT A HEPTAGON. — ^Let a b, 
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£ig, 121, be the side; with this radius from a, describe a semicircle h gd 
on a b, produced to d; divide it into seven equal parts; through the 
fifth of these draw a g; bisect a b, a g inc e] erect perpendiculars fipom 
these points, cutting in /; from f, with /a, describe a circle ; lay a 6 
from ^r to A, m, and no — join the points. Meth, 2nd, — ^Let a 5, fig. 122, 
be the side ; from 5, with a b, describe an arc a e ; bisect a b m c, draw 
a perpendicular, a& e d; divide a e into seven parts, lay one of these from 
€ to d — d is the centre of a circle (the radius of which is d a), which will 
contain a b seven times. 





fig. 122. 



fig. 123. 



A HEPTAGON, AS FIG. 123, BEING GIVEN, TO CONSTRUCT AN EQUAL 

AND SIMILAR ONE, AS FIG. 124. — Bisect a b, fig. 123, on c draw c e, join 
d/, make a b, £g. 124,=a 6, fig. 123; bisect it in c, join cf; make c m= 
c h, and m n^:^hf, join n n; make c/:=c e ; with a b, from a, 6, n n,/, 
describe arcs cutting each other — join the points thus found. 
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fig. 124. 



fig. 125. 



A SIDE BEING GIVEN, AS a 6, FIG. 125, TO CONSTRUCT A REGULAR 

OCTAGON THEREON. — ^With radius a b from a b, describe semicircles on 
a b, produced to/g ; divide these into four equal parts each ; through 
the third of these draw a c,bd; from a b, through e e, the second points, 
draw to m o ; parallel to these, from c d, draw to m p=^a b ; from m p, 
with a b, cut am, o b in n a — join the points, Meth, 2nd, — ^Produce 
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the side a b, fig. 129, to d e; from a h, erect perpendiculars to mn; 
divide a h into four equal parts, lay three of these to c d y irom, these 
draw lines parallel to am; from a 6. with a b, cut these m h, g ; make 
h 0, g o^^a h', and from these, with* a b, cut am, b mmm n — -join the 
points. Meth. 3rd, — ^A square, fig. 126, can be conyerted into an octa- 
gon, as follows : — ^From a b, o d, draw cUagonals ; and from these points, 
with b By where the diagonals intersect, describe arcs cutting the sides in 
certain points — join the points. 

An octagon, as fig. 127, being given, to construct an equal 
AND SIMILAR ONE. — Bisect a 6 in c, erect c d', join a e,b e] through f 
draw/g parallel to a 6; make a b, fig. 128=a b, fig. 127 ; bisect it in 
c, draw c d, and a o, b o, and through e, g e/; vfith/g, fig. 127, make 
^ 9f ^/f equal ; through these, draw lines parallel to c d; with a e, fig. 
127, from a 6, cut a o^b o in. oo ; and from ab, o o, describe other arcs, 
cutting the lines gf—join the points. 
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fig. 126. 



fig. 127. 



fig. 128. 
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fig. 129. 

To CONSTRUCT ON A GIVEN LINE 
ANY POLYGON, HAVING FROM SIX TO 
TWELVE OR TWENTY-FOUR SIDES. 

Let a bf fig. 130, be the line; from 
6, with a b, describe an arc a e ; 
bisect a bine, and erect an indefinite 
perpendicular, bb c e; divide the arc 
a e into six equal parts; from e 
transfer these to the line e c. 
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To CONSTRUCT A HEXAGON. — On a h, from e, with radius e a, describe 
a circle. This will contain a b six times. — For a heptagon, octagon, 
nonagon (nine-sided figure), decagon (ten-sided), undecagon (eleven-sided), 
dodecagon (twelve-sided), the centre of the circle is respectively at the 
points 7, 8, 9, 10, 11, and 12. A polygon, having from twelve to twenty- 
four sides, can also be constructed by the same means, by dividing the arc 
into twelve equal parts, and proceed as above. In |fig. 130, y* is the cen- 
tre of a circle, containing a b ^ve times. The sides of a regular penta- 
gon, hexagon, <kc., can be found by means of the protractor. The rule 
is simple. Divide 360**, the number of degrees on the circumference of 
a circle by the number of the sides of the desired polygon. This will 
give the angle at the centre of the circle, in which, or about which, the 
figure is to be inscribed or described. If the figure is to be constructed 
on a given line, the angle found as above, is to be substracted from 180** — 
the angle thus found is that to be used. Thus, suppose a pentagon is to 
be inscribed in the circle, fig. 108, 360° divided by 5 gives 72**. From 
d, the centre of the circle, draw a line, touching the circumference in a ; 
lay the edge of the protractor to coincide with the line d a, and the cen- 
tral part with the centre d; make a line, drawn from c? to 6=72**; join 
a b — ^it is the side of the pentagon required. Suppose the pentagon is to 
be erected on the line ef, fig. 112. Subtract 72** fro^n 180**, this leaves 
108**; lay the protractor to coincide with e/, and the central point with 
point e; make a Une e m=e/, and at an angle of 108", with e /; at m 
make m h-=-ef\ and at an angle of 108°, with e w, and so on. All the 
other figures can be constructed by the rule given above. 

We shall now proceed to problems, showing the methods of inscribing 
and describing figures, within and without others. 

To INSCRIBE A CIRCLE WITHIN A TRIANGLE. — (Fig. 131.) — Biscct the an- 
gles ab c, a cby by lines cutting in d ; from d draw to e perpendicular 
to b c ; from d, with d e, describe the circle. 
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fig. 181. 



fig. 132. 



To INSCRIBE A SQUARE IN A TRL^GLE. — (Fig. 132.) — From c draw c c?, 
perpendicular and equal, to c 5 ; bisect 6 c in e, join e d\ from where 
this cuts a c, as^ draw/^ parallel to b c^—fg is the side of the square. 



38 



THE ILLUSTRATED LONDON PRACTICAL GEOMETRY. 



XO INSCRIBE A PENTAGON IN AN EQUILATERAL TRIANGLE. — (Fig. 133.) 

Perpendiculax to 6 c draw an indefinite line 6 d; from 6, with b c, describe 

the arc bee; divide d c into five 
/'s^ equal parts ; lay one from dtoe; 

join b e ; bisect it in/"; from 6, with 
bf, describe the src/g; jomfff, 
produce it to A ; make b m=zc h; 
join e a, cutting m g mn; from^, 
with g n, describe the arc n n, from 
these points, with same radius; cut 
a by a cino o — join the point& — 
Meth. 2nd, — ^Let a be, fig. 134, be 
the triangle ; bisect b ein d, draw 
da; divide d b into six equal parts; 
from c lay off one of these to e; and 
from e and b three of them to gh; 
join dg, dh; join a e, cutting c? g 
in m; from d with d m, describe 
an arc, cutting dh \ixn; from m 
n, with same radius, describe arcs, 
cutting b a, c a, TJi o and «, join 
o Thy am. 

To INSCRIBE A SQUARE IN A GIVEN 

SQUARE. — (Fig. 135.) — ^Bisect c din 

e ; from d and a, with d e, describe 

fig- 133. arcs efg h — join the points thus 

obtained. 
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fig. 134. fig. 135. 

To INSCRIBE AN EQUILATERAL TRIANGLE IN A GIVEN SQUARE. — (Fig. 136.) 

— Draw the diagonals a d,b c, cutting in e; from d, with d e, describe 
the axc/eg^oin/g, a/, a g. 

To INSCRIBE AN ISOSCELES TRIANGLE OF GREATEST DIMENSIONS IN A 

GIVEN SQUARE. — (Fig. 137.) — Biscct a h iny^oin cfy df. 

To INSCRIBE A CIRCLE WITHIN A SQUARE.— (Fig. 138.) — Draw diagonals, 
cutting in e ; from e parallel io c d draw e f- — from e, with c f, describe 
the circle. 
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To mscRiBE A HEXAGON IN A GIVEN SQUARE. — (Fig. 139,) — Bisect the 
side a c into two parts in the point b ; divide a b into seven equal parts ; 
lay three of these from atod; join b d ; and with this distance lay off 
to 6 in the side a d e, from e to/, g and h, join the points. 



u^ 





fig. 136. fig. 137. 

To INSCRIBE AN OCTAGON IN A GIVEN SQUARK — (Fig. 140.) — Draw the 
diagonals, cutting in e; from the comers, with h e, describe arcs — join 
the points thus found. 




fig. 138. 
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fig. 140. 



fig. 141. 
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To INSCRIBE AN EQUILATERAL TRIANGLE IN A CIRCLE. — (Fig. 141.) — 

From any point d in the circumference, witli o?, e (the centre), describe 
an arc, cutting the circle in a 6 ; from a 6, with a b, describe an arc 
cutting in c ; join c a, ch, a b. 

To INSCRIBE A SQUARE 
IN A CIRCLE. (Fig. 

142.) Draw diameters 
at right angles to one 
another, cutting the 
c circumference in four 
parts ; join these. Meth, 
2nd. — Draw the diam- 
eters abed; divide any 
two of these quadrants 
thus formed, inland g ; 
fig. 142. fig. 143. from these draw e g, fh 

parallel to d e — join ef^gh (fig. 143). 

T5r A GIVEN CIRCLE TO INSCRIBE A RECTANGLE OF GREATEST DIMENSIONS. 

(Fig. 144.) — Divide the diameter a b into four equal parts; through the 
first and third draw lines df^ c e at right angles to a b — join c d, ef. — 
Meth, 2nd. — (Fig. 145.) — Draw any two diameters — join the points 
where they cut the circumference. 






fig. 144. 



c> 




fig. 145. 

To INSCRIBE A PENTAGON IN A GIVEN 

CIRCLK — Draw diameters intersecting 
in e {fig. 146); bisect eb ind'y from d, 
with d c, describe the arc c h ; from c, 
with chf describe an arc cutting the 
circle in ^ — join eg, it is the side of the 
pentagon required. Metk. 2nd. — (Fig. 
147.) — Draw the diameter a b ; divide 
it into ^ve equal parts ; from a 6, with a 
6, describe arcs cutting in d; through the 
second of the points from a, draw from 
d to c — join a c, it is the side required. 

To INSCRIBE A HEXAGON IN A GIVEN 

CIRCLE. — (Fig. 148.) — The method last 
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described is applicable to this problem. The diameter being divided into 
six parts, a c is the side required. Meth, 2nd, — (Fig. 149.) — Draw the 
diameter a h from a with a c (the centre of the circle) ; describe an arc 
cutting the circle in d e — join ad, it is the side required. 
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fig. 147. 



fig. 148. 



To INSCRIBE AN OCTAGON IN A GIVEN CIRCLE. — (Fig. 150.) — ^Draw 

diameters intersecting in cj bisect each of the quadrants thus obtained; 
join the points. 





fig. 149. 

To INSCRIBE A DODECAGON, OR TWELVE-SIDED FIGURE, IN A CIRCLE. 

(Fig. 151.) — Draw diameters intersecting in e ; with a e, from abed, 
cut each quadrant in two points; join these. 

To INSCRIBE AN EQUILATERAL TRIANGLE IN A GIVEN PENTAGON. (Fig. 

152.) — Join the opposite angles by lines d b, e c, cutting in g ; join a/ 
through ^—- lay off/g from ^^ to 7^; from h, with h a, describe a circle 
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about the pentagon; from a, with a h, describe the arc m h n; bisect 
m h, hn, in o o ; through these from, a draw lines^ cutting eh, d e, in 
8 and t ; join 8 t. 
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fig. 152. 

To INSCRIBE A SQUARE IN A PENTAGON. — (Fig. 153.) — Join the angles 
c, 6 from c perpendicular, and equal to c h^ draw c d\ (frx)m want of 
space this line is not given in fall)^ join a and the extremity of d ; from 
the point e, where it cuts ce, draw ef parallel to 6c; ef\A the side 
required. 





tc- 



fig. 153. fig. 154. 

To INSCRIBE A CIRCLE IN A PENTAGON. — (Fig. 154.) — Bisect any two 
of the sides, in a and 6 ; draw perpendiculars from these intersecting in 
Cy with c a frx>m c describe ah d. 

To INSCRIBE A HEXAGON IN A GIVEN PENTAGON. — (Fig. 154.) — ^Inscribe 
a circle as above, and thereafter a hexagon in the circle. 

To INSCRIBE AN EQUILATERAL TRIANGLE IN A GIVEN HEXAGON. — (Fig. 

155.) — Bisect any two of the sides, as a 6, c cf, in ef\ join ef, frx>m efy 
with e f) describe arcs, cutting in g ; join the points. 
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To DESCRIBE A CIRCLE ABOUT A TRIANOLE. — (Fig, 156.) — ^Bisect a b, 

a c, by lines cutting in d ; from d, with dh, describe the circle. 

To DESCRIBE A CIRCLE ABOUT A SQUARE. — {g 6 h f, Fig. 143.) — Draw 
the diagonals ; the part where they intersect is the centre of the circle. 





fig. 155. 



fig. 156. 



To DESCRIBE A TRiAKOLE ABOUT A CIRCLE. — (Fig. 157.) — Draw the 
diameter a h ; from centre c draw c d perpendicular to a 6 ; draw any 
line e/; from centre d lay off the length of base e/; from e/, touching 
the circle in hg, draw lines to m. 




To DESCRIBE 
A SQUARE ABOUT ^ 
A CIRCLE. (Fig. 

158.— Draw di- 
ameters, cutting 
in e; with a e, 
from ah c d, de- ^ 
scribe arcs cut- 
ting each other ; 
join the points. 

To DESCRIBE 
A SQUARE ABOUT 



fig. 160. 
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A GIVEN CIRCLE. — (Fig. 159.) — Diaw two diameters intersecting at c, 
with the radius of the circle, from the points of the diameters, a b, 
d c, describe arcs, cutting hi/ff h e — join these points. 

To DESCRIBE A PENTAGON ABOUT A CIRCLE. — (Fig. 160.) — ^Inscribe in 
the circle a pentagon, by any of the rules already given ; bisect the sides 
of this, and from the points draw lines, cutting in e; from e draw to 
h ; and through a draw a tangent & a c to the circle ; from e, with 
e b, describe a circle ; points are obtained where the radial lines from 
e cut this ; join the points. 

To DESCRIBE A PENTAGON ABOUT AN EQUILATERAL TRIANGLE. — (Fig. 

161.) — From a and 6, with any radius, describe arcs /g, d k; draw a 
m perpendicular to b e; divide in o into five parts ; from o, with four of 
these describe the sj^c/t; with/t set off from k to d; join a/d; make 
r g=o/; through g draw a g n=:c fd; from n d, with a d, measure to 
8 8} join db 8, n c 8, and 8 8. 
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fig. 161. 



fig. 162. 



To DESCRIBE A PENTAGON ABOUT A SQUARE. (Fig. 162.)— Produoe 

c a toy*; bisect a 6 in 6 ; draw the perpendicular e g , from a e dy with a 
e, draw the arc a ef,hh', divide e /into 5= parts ; through the second 
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fig 163. 



fig. 164. 
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of these draw aff; with one of them lay off from the sides c a, bd, in 
the arcs h h; from c draw through ^ to m ; produce g a to meet this in 
m ; two of the pentagonal sides are found. 

To DESCRIBE AN OCTAGON ABOUT A SQUARE. — (Fig. 163.) ^Draw 

diagonals, cutting in e ; fi^m e, with e b, describe a circle ; bisect c d, 
c a, inland g, from these draw lines through, meeting the circle j join 
the points. 

To DESCRIBE A HEXAGON ABOUT A HEXAGON. (Fig. 164.) Produce 

a bf c d, to 6; bisect b e, d e, mf g-, draw from b and d through these, 
cutting in h ; from w, the centre of the given hexagon, with a h, describe 
a circle; bisect all the sides of the hexagon, as ab, e d; through the 
centre m fix)m these draw lines, touching the circle ; join the points. 

To DESCRIBE A SQUARE ABOUT AN EQUILATERAL TRIANGLE. (Fig. 165. 

— Bisect b c in d; draw d a; produce b c ; make d e, d e=.d a ; join e 
a; from d, with d c, describe c/b — fromj^ through b c, draw to h g. 
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fig. 165. fig. 166. 

To INSCRIBE FOUR CIRCLES WITHIN A CIRCLE. — (Fig. 166.) — Draw 
diagonals, cutting in e ; join a c ; frx^m c, with a c, lay off on c c? to o? ; 
with d c, from abed, lay off in the diameters to g htf ) with radius 
f b describe from these points the four circles. 

To INSCRIBE THREE CIRCLES WITHIN AN EQILATERAL TRIANGLE. (Fig. 

167.) — ^Bisect the sides in d ef, and from these draw to the opposite 
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angles; with ad, from e/d, lay off to m ft o ; describe from these the 
three circles. Note. — By joining the points mno hj lines, a triangle 
may be inscribed within the other. 

To inscribe four circles within a square. (Fig, 168.) — 

Bisect the sides, and draw lines from the points, cutting in e; join 
a c; from c, with c e, cut a c in d ; with d a, from a h c d, lay off 
in the diameters; these are the centres of the circles of which a d= 
radius. 

A triangle being given, to construct a parallelogram equal 
TO IT. — (Fig. 169.) — ^From the apex a draw a e parallel to 6 c ; Gcom a 
draw a perpendicular to d; from c draw to e parallel to a d, Meth, 2ndf 
From a, fig. 170, draw a e parallel to bd ; bisect b d in c; from c draw 
e/, the angle d e/=:d b a ; from d draw d e parallel to e/. This is the 
figure known as a rhomboid. 



£L 





fig. 169. 



fig. 170. 



To CONSTRUCT A PARALLELOGRAM EQUAL TO A TRIANGLE. (Fig. 171. 

— Draw the diagonal a d, produce c d to e; from b draw b e parallel 
to a d ; join be, e c b=a bed. 
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fig. 171. 



fig. 172. 



To CONSTRUCT A SQUARE EQUAL TO TWO SQUARES, OF WHICH THE 

SIDES, ab, ARE GIVEN. — (Fig. 172.) — Draw e d=b, and d e B,t right 
angles to c c?=a — join c e, it is the side of the square required. 
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To CONSTRUCT A SQUARE EQUAL TO A GIVEN RECTANGLE. — (Fig. 173.) 

— ^Produce the base be to e ; from c with c d describe the arc e dy bisect 
h e in/, fromy* with y 6 describe the semicircle e h h] produce c c? to A; 
c ^ is the side of the square — n m h c=a bed. 
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fig. ] 73. 



fig. 174. 



To CONSTRUCT A TRIANGLE TO CONTAIN THREE TIMES A GIVEN TRIANGLE. 

— ^Let ab c, fig. 174, be the triangle. — Produce a b to d, lay from 6 
three times a b tod, join c d. 



€t^ 





fig. 176. 
To CONSTRUCT A TRIANGLE EQUAL TO A GIVEN ANGLE ab C (Fig. 175), 

BUT OF LESS HEIGHT. — Let d be the point to form the apex of the re- 
quired angle ; produce c 6 to e, join d b ; from a draw a e parallel to db; 
join d e, d e c=a b c. 

To DRAW ANY IRREGULAR POLYGON BY MEANS OP THE SCALES OF EQUAL 
PARTS, DIAGONAL SCALES AND PROTECTOR, THE SIDES AND ANGLES BEING 

GIVEN. — Draw a 6, ^g. 176= the length given, say 250 feet, taken from 
the diagonal scale; make b c=150, and at an angle of 50° to a & ; at an 
angle of 90° draw c d=l75 ; make d 6=180, and the angle 120°; join 
ea, it wiU be=217, and the angle 129° 30\ 

To REDUCE A POLYGON TO A QUADRILATERAL, — Produce a e, Bg, 177, 

indefinitely; join e c; from d draw c?y parallel to c e; join c/; f ab c= 
e ab c d. 

A QUADRILATERAL BEING GIVEN TO REDUCE IT TO A TRIANGLE. (Fig. 

178.) — Produce a b indefinitely, join db\ from c draw c e parallel to 
d b ; join d e, 
D 
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An IRREGULAR FIGURE BEING GIVEN TO CONSTRUCT ANOTHER SIMILAR TO 

IT, BUT REDUCED OR ENLARGED. — Let the figure be reduced one-half; 
draw the diagonals, joining the opposite angles; bisect a b, fig. 179, in 
ff; from ff draw a line parallel to b c, cutting a c in A, ff h is=6 c; from 
h draw to m, parallel tod c; proceed till the figure is complete. If the 
figure had to be enlarged^ a, b, and all the diagonals shoidd be produced, 
and lines drawn parallel to those giyen. 




a^ 




fig. 177. 



fig. 178. 




fig. 179. 



An irregular figure being given to 

construct another equal and similar. 

(Fig. 180.) — From b draw b o perpendi- 
cular to a b; and draw from the angles of 
the figure, lines parallel to a b; draw m n, 
fig. 181= a 5, draw n o perpendicular to 
ni n ; take from b the height in 6 o where 
the parallel lines cut it, and lay them ofiT 
respectively to n o from n — through the 
points thus obtained draw lines parallel to 
tn n — from n with b c cut the first parallel 
in 1 — from 1, with c d, cut the third in 2 ; 
from 2, with d e, cut the fourth at o — 
from o with efcvit the fifth in «; from s, with 
fg, cut the second in v; from ?/*, with a g, cut 
this in V, 

An irregular figure being given to con- 
struct ANOTHER EQUAL AND SIMILAR, BUT IN A 

REVERSED POSITION. — (Fig. 182.) — The method 
is similar to the above, the letters on the dia- 
gram, and that in fig. 183, will render much 
description unnecessary. From any part in 6 c 
erect perpendiculars, make their position the 
same in both lines ; with c d from c, fig. 183, 
draw to the first parallel, by proceeding thus 
the figure will be constructed as desired. Figures having irregular sides 
can be copied, reduced, enlarged, or made equal, by means of squares, as 
in figs. 184 to 189. Suppose fig. 184 to be copied double the size — 
Draw any number of horizontal and parallel lines across the face of the 




fig. 180. 
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diagram, at equal distances from each other; at the same distance draw 
other lines perpendicular to the others. There will thus be described 
a series of squares, the boundary lines of which wiU enclose the figure. 
By drawing the same number of lines perpendicular to one another, but 

at double the dis- 
tance of those in e^ \ 
fig. 184, a series of 
sunilarbut enlarged 
^. squares will be ob- 
tained, as in ^'g, 1S5. 
The points at which - 
the terminations of 
the figure in fig. 
184 touch the lines, 
or are placed in the 
square, must be as- 
certained and trans- 
ferred to corresponding 
points and situations in 
fig. 185. Fig. 189 is a 
similar one to ^g, 188; 
two times larger, but as 
wiU be observed, it is 
reversed. The angle at 
the top, in fig. 188, being ^S- 1®*- 
in the lowest position in fig. 189. Fig. 187 
is a similar figure to ^^^, 186, but enlarged 
as 1^ to 1 ; the angle at the right hand in 
fig. 186 is placed at the left hand in fig. 187. 
These examples, aided by the annexed num- 

2 



fig. 181. 



fig. 182. 
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fig. 183. 
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fig. 186. 

bers will show the pupil the 
method of using a system of 
squares for reducing, enlarging, 
or drawing equal and similar 
figures, in transposed positions, 
or otherwise. We shall now pro- 
ceed to the construction of the 



fig. 185 

curves, known as the "conic sections," 

To DESCRIBE AN ELLIPSE IN A GIVEN LINE. — (Fig. 190.) — Divide a h 

into three equal parts ; from c d, with c a, describe two circles cutting 

in e\ through the centre and the points of intersection draw lines as cf, 

d e; from the point of intersection take to/ in the compasses; from the 
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points, ae e, deacribe parts of cirdes joming the small ones previously 
described, aa// Meth. 2nd {Tig. 191). — Divide the line a b into four 
equal parts ; from e d, the first and third, describe with radius a c two 
_j circles ; from c d, with cd,Ao- , ta^st^t* 
. scribe arcs cutting in «, on both , 'f^i^V^^ ^r, "! 
<- sides of a h; from e drav til 

■ throi^h d tog, with e _ , 
j e describe parts of circles join- ' 

■ ing those previously drawn. 




fig. I8S. 



'- Meth. 3rd — 2K« diameters beiiig given.. — (Fig. 
fig. 187. 192.)— Let o' 6- be the diameters; draw a b=af; 

bisect it ine, draw e a, rfc=half of 6', rf e will therefore equal 6". Take 
c d, and from rf lay it on a 6 to _/; divide / b into three equal parts ; 
with two of these from e lay on a 6 to 9; make e h^e g; from A j, with 
h g, describe arcs inmnj from hg, with ah, describe parts of circles ah; 
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Bg. 189. 



fig. ISO, 



ham Ml draw through g, touching the circle deacrihed from g; from m n, 
describe arcs aa in preceding problems. J/is(A. 4(A. — Let ab,cd, fig. 193, 
be the diameters. With e e fiwm 6 lay off to /; divide /e into three 
equal parts; from^ with one of these, dessribe a semicircle to h; make 
e g^e h; proceed as in last problem. Meth. Slh. — An eUipse may be 
described without compasses, on a 
"■^"' large scale, as follows: — Let a 6; 

■■ fig. 19i, be the length of proposed 

ellipse, and e d half its breadth ; 
bisect ab in c, draw c d perpen- 
dicular to it ; with a c, from d, cut 
. a b in. e and J", in rfey fix pins; 
"j* fiwten a cord round e, cany it 
round d, and &8ten it firmly to^; 
take out the pin d, and substitute 
for it a pencil or tracer; keep the 
cord tight, and from d, towards a, 
move the tracer, and from t? to fi ; 
half of the ellipse will be described; 
move the cord to the other aide of 
the pins for the remaining half. 
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TO DRAW AN ELLIPSE ROUND TWO SQUARES. — (Fig. 195.) — Let a b C d, 

e/d c be the squares; draw the diagonals as in the diagram; from g and 
h, c and d, describe the parts of the circles^ joining a bf/e^/a, e b. 

To DRAW A TANGENT TO AN 

ELLIPSE. — (Fig. 196.) — ^Let c be 
the point of contact^ and a b the 
FOCI ; from b draw a line through 
c; make c d=:c b ; join d a, bisect 
it in e; from e draw through c — 
c c is the tangent. Meth. 2nd. — 
(Fig. 197.)— From a, b, the foci 
of the ellipse, to the point of 
contact at c, set off in c a, c d^ 
c b ; from b draw through d\ 
draw from c a line parallel to 
b d — ^it is the tangent required. 

An ELLIPSE BEING GIVEN, TO 
FIND ITS "foci" and DIAMETERS. 

— (Fig. 198.)— Draw any two 
parallel lines as frt>m a b, c d', 
bisect them in c e: draw e e, 
bisect it in f-~-fi& the centre of 
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fig. 192. 





fig. 193. 

the ellipse ; from this, with any radius 
greater than half the supposed conju- 
gate diameter, draw the circle p b c, 



fig. 194. 





fit?. 195. 



fig. 196. 
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cutting the ellipse in hm; join h m, bisect itj througli the point of 
bisection Bndy draw aline o o; this is the transverse diameter; through 
/peipendicular to o o draw a line, meeting the ellipse— this is the con- 
jugate diameter; biBectyo in g; make / a=/ s-~on both sides the con- 
jugate, 8 8, are the foci. 




fig. 197. fig 198. 
To DESCRIBE AH ELLIPSE ON THE LABOB SCALE BY UEAH8 OF POimS. 

(Fig. 199.} — Let ahjcdhe the two diameters; with a e, from c, lay on 
e d to ff i from any point jn between e g, with eg, cut e b in n; from m 
through n, draw a line and make this bom n^e d; the point thus 
found is in the curve of the ellipse — any number to complete the curve 
may thus be found. Mtth, 2nd. — Let a b, fig. 200, be half the tran»- 






M 



r^: 



/ verse, and 6 c half 
the conjugate dia- 
meter; draw i c at 
right angles to u £, 
and produce it in- 
definitely; frvm 6, 
with a b, describe 
the quadrant. Di- 
vide a b, b e, into 

•*- the same uumlter of 
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equal parts; and from these draw lines parallel to a 6, 6 c; through the 

points where the correspondiug lines interaect aa the first from 6, with 
the first from c, draw a curve by hand — this is one quarter of the ellipse, 
the others may be produced in like manner. 

The base c d of jl pakabola. and its AsaciasA a 6, beikq given to 
FIND THE CURVE. — (Fig. 201.)^From c and cf draw lines to e /—through 
re, parallel to 6 d, draw e a/. Divide c b, b d, each into any number of 
equal parts as four, also c e df. From the points in c d draw lines to 
ef, parallel to c e; and from those in c e, dfta the vertex a — through * 
the points where the corresponding lines intersect, as the first from c, 
with the third from e, draw by the hand the curve required- — the various 
points may be correspondingly numbered to facilitate the operation, 
Fig. 202 gives another diagram, showing this construction — a b, b e, 
divided each into four parts, as also c e, h, — the points n,m, 7t,m are 
those through which the curve is drawn. In fig. 203 another method ia 
shown — Draw the line re b, cd; divide ah into five^parts; through 
these draw lines to d e, c/; from the points on d e' draw lines to a, and 
from c, through the points on a b, meeting those— through the points 
thus obtained draw the curve by hand. 




fig 204 



fig. 203. 
A PARABOLIC CURVE BEING GIVEN, TO FIND ITS FOCUS, I 

PARAMETER. — (Fig. 20i,) — Draw any two parallel hn^, a b,c d, bisect 

them in e e; draw a line e e through theie, thi"" forma a diameter — at 

right angles to this draw any line/A g, biaeet it in 

h ; draw h m o — join m/; itora/, at right a 

ill/, draw a perpendicular cutting nj « in n — divide 

k n into four equaj parts — lay one of these from « 

p and o, p is the focus — through this draw a line 

parallel to/g — it is the parameter — a line through o 

parallel to this is the directrix. 

To DRAW A TANGENT TO A GIVEN POINT IN THE 

CURVE OP A PARABOW. — Let a, fig. 205, be the 
vertex, the point of contact, and o the point where , 
the tangent will intersect the Parabola's asia pro- 
duced. From d draw the semi-ordinate, d e, at 
right angles to b e, draw a c=ae—d e ia the 
tangent. 
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To DRAW THE CURVE OP A HTPERBOLA, THE CENTRE d, FIG. 206, THE 

TEKTEX AND ORDINATE d c BEiNO GiTBN. — Draw a b through the vertex 
draw e, f- — and from a h parallel to d e, a e, bf — divide a c, c 6 into 
aaj number of equal parts as four, and draw from these to the centre d 
— divide a e, fh into the same number of equal parts, an a h, nameljr 
fimr, and draw from these to e — through the points where the correspond- 
ing lines intereect ; draw the curve by hand. 




fig. 207, 



flg. 206. 
To DESCRIBE A HYPERBOLA BY 

UEANS OP POINTS. — Draw any in- 
definite line af, fig. 207; set off on 
it the transverse b e. Let d be the 
focus — equal to c^ c, from b set off 
to a; from a, with any radius greater than b a, describe an arc; from 
the radius take the transverse be; and with this difference aa a second 
radius, from the centre d, describe another arc, cutting the former one 
in e e. By this means any number of points may be found; the nearer 
they are the better. 

To DESCRIBE THE CURVE "cYCLom." — Let a b c d, fig. 208, be any 
circle; at right angles to a b, draw any line b e; make this equal to 
half of the circumference of the circle abed; this will be qoickeat done 
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by dividing a & into sereQ equal parts, aad making b e eqaai to eleven of 
these ; the proportion the circimierence of a circle bears to the diameter 
being as 23 to 7. Divide b e into any number of equal parts, ae eight, 
and number them as in the diagram ; make e e' at right angles to b e, and ' 
equal to b c' ■ draw c' e\ and divide it into the same number of parts aa 
b e; from each of these parts as centres, with radius h e describe circleaj 
ft«m the centres draw lines to the various points on e b. Divide die 
half of the circle, into as many parts aa i e is divided into; then with 
radius c h, from the point 7 on 6 e cut the circle described from the 
point e; then with c m, from the point 6, cut the circle described fi^im 
the point 1 on c e, in the point a'; in the same manner with the dis- 
tances en, c b, CO, c p, c s; from the various points in a 6, cut the cir- 
cles in the points, b\ tf , g, e, i, and h — through the points thus found 
draw the ei 




flg. 900. 
To DESCRIBE THE CURVE "THE CONCHOID." — Draw any two lines, as 
a b, g e, fig. 309, at right aikgles to each other; from b dravr any num- 
ber of straight lines as d, ef, b m k, b g; make on the line a b, e d=: 
e a i and on each of the lines drawn from b, take e d-=&f, m. h=ac, and 
so on; through the points thus obtained, draw the curves — ^the upper' 
curve /, A, is called the " superior conchoid" — the lower one the " in- 
ferimr conchoid." 
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To DESCRIBE THE cissoiD. — ^Let a b c, fig. 210, be a circle, and d e, 
any indefinite line touching it at h; fi:om a draw any lines to points on 
the line d e, as to 1, 2, 3, 4, 5, 6, 7, and so on ; with the distance a m, 
cut the line 8 a from 8 in ?*, and from 4, with a o, cut a 4 in jo, and so 
on. Through the points thus found, on each side of a b, draw a curve 
as in the diagram. 

To DRAW A SPIRAL ON A GIVEN LINE. — (Fig. 211.) — ^Let a 6 be the 
distance between each convolution — divide a b in c; from c, with c b, 
describe the semicircle b a — ^from b, with a 6, the semicircle a d; from 
e, with c d, the semicircle d e — ^from b, with b e, to J — ^from c, c f g\ 
from 6, with bgy to 6 ; from c, with c b, to m — ^the spiral is complete. 




fig. 211. 

Having thus fully explained the various methods of performing useful 
Geometrical Constructions, we shall show the application of Geometry 
to Architectural Drawing. 
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fig. 213 
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^- 






213. 



We shall first notice, under this division of our Work, the methods of 
describing the various "Mouldings," met with in Architectural Pro- 
ductions. We shall take them as near as possible in the order of their 
general sequence. The first we notice is the 
" Fillet," shown in fig. 212; this is so simple, 
that it requires no particular instructions as 
to the method of describing it. 

Fig. 213 is the "astragal." — Let 6= the 
breadth, draw a line b d; make c the centre, 
take half of 6, and as radius from c describe 
the semicircle ; draw the horizontal lines c e. 

Fig. 214 is the "torus." — The method of 
describing it — ^the breadth being given is the -& 
same as in last problem. 

Fig. 215 is the "scotia." — Let a a be the 
top line, and b b the bottom one ; from a drop 
a perpendicular to b; divide this into three 
equal parts — ^from the first of these, from a, 
draw any line e d parallel to a or 6 ; from the 
point of intersection c, with radius c a, de- 
scribe the semicircle c d; from d, with d e, 
describe part of a circle, meeting the line b b ; 
draw the fillets b by a a. 

Method 2nd. — Let a a, fig. 216, be the 
upper line, and c c the lower; from a drop a 
perpendicular to c ; divide a c into 7 equal 
parts; through the third of these, from a. 
draw a line parallel to a a ; from b, with b a, 
draw the semicircle b d; from d draw to e 
perpendicular to b d, produce a ato e; from 
e draw through 6, a line meeting the semi- 
circle b d produced in m — ^from e, as a centre, 
with e ?w as radius, describe part of a circle to n. 

Fig. 217 is the "echinus," "quarter round>" or "ovolo." — ^Let a 6 be 
the two points, join them by a line a b ; divide this into 7 equal part 




fig. 214. 




fig. 215. 
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from b, with b 6, and from a with same radius, describe arcs, cutting in 
c; from e, with c a, describe the arc a b. 



i;/ \ci 





Method 2nd, — ^Let a by c d, fig. 218, be the two lines; draw b d per- 
pendicular to e d; divide it into three equal parts ; produce c dto e, 
and make d e equal two of the parts on b d; from e draw to^"; join d/; 
from d/l with any radius greater than half, describe arcs cutting in g; 
from g, with g/, describe the axc/d, 



€£, 



^ 





fig. 218. 



fig. 219. 



Method 3rd. — ^Let a b, c d, &g. 219, be the lines; divide b d into four 
equal parts, make d e equal three of these; draw e/, and proceed as in 
last problem. 

Fig. 220 is the 

"CAVETTO," OR "HOL- 
LOW." To DESCRIBE 

IT. — Let a bf c d, fig. 
221, be the lines at 
top and bottom ; from 
b draw to d perpen- 
dicular to a b; divide 
b d into three equal 
parts — ^from d lay on 
d cto e equal to two 

of these; join b e; from e and b, with radius greater than half e b, draw 

arcs cutting in^; from^J withy* 6, draw the arc b e. 




fig. 220. 



fig. 221. 
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MetJu)d 2nd, — ^Let ah^cdy fig. 222, be the two lines; divide the per- 
pendicular into five equal parts; make d e equal to four of these, and 
proceed as in last problem. 




t-l-t-l-i" 



k 



fig. 222. fig. 223. 

Fig. 223 is the "apophygee" generally used to connect a shaft 

OF A COLUMN, WITH ITS BASE. To DESCRIBE IT. — ^Let a h, ^g, 224, be 

the line of base, and c that of the shaft; produce c to c?; divide a c^into 
four equal parts; lay five of these fix)m dto e\ join e d, bisect it by arcs 
cutting in y^— from ^ with/* a, describe the arc a e. 








fig. 224. fig. 225. 

Fig. 225 is the " cyma-recta." To describe it. — ^Let a 6, c c?, be 
the lines, join a d, divide it into five equal parts; bisect the part a e 
(the point e is the third from d) by arcs cutting in /; and the part d c, 
by arcs in g. From^ withy* a, describe the arc a e; and from g, with 
g d, an arc e d — ^the moulding is complete. 

Method 2nd. — ^Let ah, cd, fig. 226, be the lines, drop a perpendi- 
cular to e; produce c c? to e; make d e=e 6; join d b, divide it into 








fig. 226. 



fig. 227. 
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twelve parts; from e/and e (the sixth of these), with radii ^^ 5, e 1, 
describe arcs cutting in f) from e and i, with radii e 11, b 7, arcs cut- 
ting in y, from / and g as centres, with radii fd, g b, describe arcs 
meeting in the point e. 

Fig. 227 is the " cyma-reversa." To construct it. — Let a 6, cd, 
be the lines ; produce c dto e, and drop a perpendicular from b ; from e, 
with e b, describe an arc cutting c e in d; join d b, bisect it in the point 
n ; from d and n, with radius greater than half d n, describe arcs from the 
point of intersection as centre, describe an arc d n; from n and b, with 
same radius, describe arcs cutting in ^; from h, with h h, describe an 
arc meeting the arc dnuin. 

Fig. 228 is the "ogee." To construct it. — Let a 6, c c?, be the 
lines; join 6 d, divide it into four = parts; through the third of these 
from df as e, draw a line parallel to a b. With the distance e 6, from 
e, lay on ey to A; from A, with same distance, describe a semicircle to 
; draw h o parallel to e b, cutting the semicircle described from h, in 
the point o; join o d, bisect it by arcs meeting in g; from g, with g d, 
describe the arc o d. 




*7 







»3^ 



O/ 



fig. 228. 



fig. 229. 



We now proceed to give examples of various Mouldings, with the 
method of describing them. — Draw the line a b, divide it into nine 
equal parts ; from b draw to h, at right angles to (fig. 229) a b ; take any 
point J" for the termination of the quarter round, from the end of the 
fillet c d; ^oin/dj divide it into seven equal parts; from 1 and 6, with 
1,6, as radius, describe arcs cutting in g ; from g, with same radius, 
describe the quarter round; from^J make /n equal to ten of the parts 
in a 5; bisect n/ia m; draw a line through m parallel to a b. From 
g, through the point where the arc 6 g intersects /b, draw the line gj* 
; make h n equal to four and a half parts of a b; from o as a centre, 
with o/a& radius, describe an arc to t; from m, with radius m n, de- 
scribe another meeting this. This moulding is met with in the Tuscan 
order.* 



* See the Work in the present series on " Architectural, Engineering, and 
Mechanical Drawing. " 
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To DESCEiBE THE MOULDING IS FIG. 230. — Draw ajiy two lines cut- 
ting in c; with e 6 as radiua, describe a semicircle, cad; divide c d into 
two equal parts; make de equal to one of these; drop a perpendiculr 
from eU>f; make f g equal to c d, and y A to d e\ from e and A, with 
radius greater than half the distance between them, describe arcs cutting 
in m — w* is the centre of the arc « A. 



'^ ^ 

fig. S30. 
To DESCRIBE THE MOCTLDING IN FIO. 231. 

Draw any line d g ; divide ff d into two equal 
parts at c; divide c g also at e; make cf, of, 
equal to c e; bisect c f, and make g h, g a, 
equal to it; from a and b draw %o/cf, per- 
pendicular to ag b; from d describe the semi- 
circle with radiua^ b; join the points yy with 
the extremities of this. 






To DESCRIBE THE MOULDING IN 

FIG. 233.^Draw the line a d; 

make a b equal to b c; bisect c b 

in e; draw through c and b lines 

//, as, at right angles to rfo; 

m^ie b f,s 0, equal to 6 e ; bisect fig- 234- 

hf, bf, in m m; join w ji, m, «. 
The remainder of the moulding will be easily drawn from inspection of the 
diagram. 

To DESCRIBE THE MOULDING IN FIG. 233. — Draw a b, and divide it 
into BLS equal parts ; through the fourth of these draw a line c rf at right 
angles to a 6; bisect the distance between 2 and 3 in the point e; from 



flg. 333. 
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4, with 4 c, describe the axe d e; from the point 1, draw 1 / perpen- 
dicular to abf and make it equal to a e; from / as centre, with/*!, 
describe an arc ; from d, with d e, describe a second arc, and from the 
point 4, with 4, 5, the arc c 5 ; the three arcs joining will describe the 
curve as in the diagram. 

To DESCRIBE THE MOULDING IN Fio. 234. — ^Draw a b, divide it into 
four equal parts; make a c equal to two of these, and c d equal to one; 
through d draw fl?y parallel to a b; from d, with d c, describe the arc 
c e; make e/ equal to e d; fit)m the centre, above e, describe the part 
of the circle to h; ^wl/, with /A, describe the curve meeting the semi- 
circle described from o. 



iO^ 




L 



fig. 235. 






Cr-h-^£ 



%. 236. 



fig. 23T. 



To DESCRIBE THE MOULDING IN FIG. 235. 

Draw d ef; and the semicircle a e, with radius 
de; divide de into five equal parts; make e/ 
equal to one of these; make d b equal to twice 
d e; from y draw a perpendicular, meeting c b 
fig. 238. produced. 

To DRAW THE MOULDING IN FIGURE 236. — 

Draw a b, divide it into five equal parts; make 
c d equal to four of these; through d draw d /parallel with a b; from 
d, with d c, draw the arc c e; make e/equal to d e; divide e/iato five 
parts; make the line above /equal to one of these; draw /g equal to 
six of these; from g, with radius de, describe the arc; bisect gf, and lay 
the distance to h — it is the centre of the curve, meeting the semicircle 
described from m; join no, o s. 
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To DESCRIBE THE MOULDING IN FIG. 237. — Divide a b into five equal 
parts; make a c equal to b a; make c d parallel to a b, and equal to two 
parts; from e, with c d, describe the arc; f,hm,n, are the centres from 
which the other arcs are described. 

The mouldings in fig. 238 may be drawn easily by inspecting the 
figure; ab, c d, e and^^ are the centres of the curves; the measurement 
for the height of fillet must be taken from the base n, on the line nf. 

In drawing the mouldings in fig. 239 the base b must firsl^ be 
drawn, then the line a 5 at right angles to it; the respective depths of 
the mouldings must be laid down on this line^ b& d,hym o, and je>; t, t, 2. 
are the centre lines of the torus 8 and 2; e/ia & " cyma reversa;'* g n 
the quarter roimd; w v the '^cyma recta." 

^ We shall now proceed to give illustrations of 

the difierent varieties of Auches, with explana- 
tions as to describing the curves geometrically; 
the first we shall notice is the 

Semicircular Saxon Arch. — (Fig. 240.) — 
Draw the line c, and perpendicular to it a b; 
from c lay off to e e, and with c e describe the 
semicirle. 

To describe the Norman or Horse-shoe 
AncH. — (Fig. 241.) — Draw the line e b, and per- 
pendicular to it another b a; from b lay off to 





fig, 239. 



fig. 240. 



U^Cr 




--vl--dT-« 




fig. 241. 



fig. 242. 
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fig. 243. 



d, and from d, with h e, describe the arch; draw perpendicular lines 
joining the extremities of the arch with the line eh e, 

^. . , To DESCRIBE THE POINTED HORSE- 

SHOE Arch. — (Fig. 242.) — ^Draw the 
line ch, ha, perpendicular to one 
another; divide ch, h d, each into 
two equal parts at e,/; from e, with 
e d, describe an arc, and from^ with 
f c, another, both meeting in a. 

to describe the equilateral 
Arch, or early English Arch. — 
(Fig. 243.) — Draw c e, m n, at right 
angles to each other; make m e= 
m c ; from e, c, with radius e c, de- 
scribe arcs meeting in A. 

To describe the early 
English Arch, given in fig. 
244. — Draw the lines a h,cd, 
at right angles ; divide cb,hd, 
into two equal parts at e and 
/; frx)m these points draw lines 
to g, h perpendicular to c d, 
and make e g,fh, equal to ef', 
from g and h as centres, with 
radius g d, or h c, describe 
arcs meeting in a. 

To DESCRIBE THE LaNCET 

Arch, in fig. 245. — Draw 
c A, y*c?, at right angles. Let 
a 6 be the breadth, and divide 
it into three equal parts; lay 
four of these from ah to k; 
from a h, with ah, hj to d and/; from these, as centres, with radius 
dh, fa, describe arcs cutting in A ; o o are centres, from which the 
dotted arcs are put in. 




fig. 244. 




b— -1^ 



fig. 245. 
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fig. 246. 



'S 



To DESCBIBE THE '' SEMI-ELLIFTICAL AbCH," IN FIO. 24:6. — ^Let a h 

be the breadth, and g/ita height ; divide a g, g b, into two equal parts, 
at d and c; from d, c, with d c as radius, describe arcs cutting in g; from 
c d, with radius c h, describe parts 
of circles ; from g draw through I 

c, c? to m w j from g, with radius 
g n, or g m, describe part of cir- 
cle joining m n. 

To DESCiUBE THE ELLIPTICAL 

AncH, IN FIG. 247. — ^Draw the 
line a b, divide it in the point e, 
and draw a line perpendicular to 
a b, through this ; divide e a,eb, 
into two equal parts a,tc,d; from 
a b, with radius a d or b c, de- 
scribe arcs cutting the line e pro- 
duced ; frt>m d c, with radius d b, 
describe parts of circles to t t; 
divide ae,e b into three equal 
parts, and lay one of these 
from e to m n', from m n, 
through Oy draw lines to gh] 
from a b, with a b, cut these 
in ^ ^; frt>m the points g h, 
with radius g t, describe arcs 
joining 1 1. 

To DESCRIBE ANOTHER FORM 

OP Arch in the same style. 
— Draw c d, ab, fig. 248, at 
right angles; divide c b, b d, 
into two equal parts at g and 
/; divide go, y<;?into equal 
parts at h e: fit)m g/, with 
radius g c, describe arcs or 
parts of circles to mn; frx>m 
c dy with radius c h, or d e, 
describe arcs below c d; 
then with c daa radius, frt>m 
g andy cut these; from o o, 
with o m, n, describe arcs 
meeting in a. 

To describe another form. — Draw a b, e m, ^. 249, at right 
angles; divide am, b m, into four equal parts; frx)m c and d (the first 
of these from a, b), with radius a b, describe parts of circles to t and s; 
from d, with c d, describe arcs, cutting the perpendicular, drawn 
through min/; from d c, through /, draw lines to g and A; with a b, 
from c and d, cut those lines in ^ A; from g A, with g s, or g t, describe 
arcs cutting in e, 
e2 




-t-.i*f- ( 



1 L. r ?j_ . 






fig. 247. 
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We shall now proceed to describe the method of constructing Arches 
used as Canopies for Niches, &c. 




.J. 
I 
I 
I 
• 






s 






T^i 



Or- 



fig. 248. 




fig. 249. 



To DRAW THE FORM IN PIG. 250. — 

Make a b, c d, at right angles ; divide 

ad, db, into five equal parts ; lay one 

of these from dtoee; let c e;? be the 

height of the arch; through c draw 

f c g parallel to a 5 ; from e e, with 

radius e b, describe parts of circles to 

m, n; join a e, be, bisect c n, c m 

(from where the lines a c,b c, cut the circles described from e e) in o ; 

draw lines through the points of intersection of the bisecting circle, meet- 

iageg/in/aiidg; from/ 
and g, with radius g n, de- 
scribe parts of circles joining 
c nfh, c n. 

To DESCRIBE THE FORM IN 

PIG. 251. — ^Let a 6 be the 
breadth, and e f the height 
of the canopy arch, equal to 
half a b\ diuw lines a b, ef 
at right angles; divide a e, 
e b into two equal parts at 
c d', from these points draw 
lines parallel to ef, meeting 
a line drawn throughyparallel 
to ab\ from c d, with d b, 
describe quadrants to m o; 
frx)m g h, with same radius, 
describe other quadrants join- 
ing of, mf 

To DESCRIBE THE PORM IN 

PIG. 252. — ^Let c e;? be the 
width, and a b the height ; 
draw a h perpendicular to c d, 
and join cb, d b (only one- 
^ half of the diagram has the 
fig. 251. 




fig. 250. 
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constructive lines). Divide ad, a c, into two equal parts in g and h', 
from g h, with radius g dy describe arcs cutting c 6 in o ; bisect o 5 in 
w; draw h b 8 parallel to c c?, and through the intersection of the 
bisecting circles between o b ; draw a line cutting h b ink; A is the 
centre of the circle, joining o b ; divide g dy c h, into three equal parts ; 
from d, c, lay off to //; with / d lay from a ia a b to t; from h g and 
U with radius dfy describe the circles as in the diagram. 





OC 



fig. 252. 



fig. 258. 



To DESCRIBE THE EXAMPLE IN FIG. 253. — ^Let c 6 be the breadth ; from 
by with c & as radius, describe arcs cutting in a\ join c ayb a, and 
draw a c?at right angles to c d; divide be, b d, into three equal parts; 
from d, with d 3, describe a semicircle, cutting a 5 in m, the point 3. 
Bisect a c, c 6, in the points e e; through the points of intersection of 
the bisecting circles, draw lines cutting the line c d in. the points oo; 
from the divisions 1, 1, on the Une c d, and the division 3 on the line a b, 
with radius 1, o, describe arcs meeting in g and A. 





fig 254. fig. 255. 

To DESCRIBE THE Arch IN Fia 254. — Draw the lines ab, cd, at right 
angles ; divide a d, a c, into two equal parts at e e; from 6 e, with radius 
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e e, describe arcs cutting b a produced in / ; from /, through e e, draw 
lines to ^ ^ ; from e e, with e e, describe arcs to g g; join g b; bisect it 
in the point m ; from a, through m, draw a line, meeting a line perpen- 
dicular from c in o ; from o, with radius o g, describe the arc g b; pia 
the corresponding centre to o. 





€A- 



■'u 



.^—..^^^^ i. ^k^.„4^. fig. 257. 

To DESCRIBE THE ArCH IN 

FIG. 255. — ^Draw a 6, 6 c 4, at 

-f-J..f....it..ll.lL.. riglit angles; divide b 4 into 

b ' ^ i four equal parts; bisect 1, 2, 

fig. 256. i^ 4 and 2, 3, in c; from c, 

with c 3, describe the arc as in 
the diagram ; make b e equal to two of the parts in d c; draw e h parallel 
to b d', join c? A; by a line perpendicular to b c, form c h — h is the 
centre of the arc meeting a b, and that described from c as a centre. 

To DESCRIBE THE AsGR IN FIG. 25Q, — ^Let a 6 be the breadth; draw 
c A at right angles to this; divide a b into five equal parts; men draw 
the line n m parallel to a b, and at a distance from a, equal to two of the 
parts in a 5 ; make no, o m, equal to four of these — ^the points 1 and 
4,iD.ab, and n m, are the centres from which the various arcs are described. 

The Arch in fig. 257 is described from the centres e d and^! 





fig. 258. 



fig. 2.59. 
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To DESCRIBE THE Arched Window OPENING IN FIG. 258. — Describe 
an equilateral triangle a 6 c; ab e are the points from which the arcs 
are described. 

In FIG. 259 THE method is shown of describing the internal 
TRACERY-WORK. — Draw Bs before the equilateral triangle, and the outline 
curve; bisect a e, be, ah, in the points e,f,g', from the point e, with 
radius a e, describe arcs to m, n, from a and b] from y* and g, with same 
radius, other arcs, meeting in o and m, and n, from a, b, and c. 





fig. 261. 



fig. 260. 

To DESCRIBE THE ArCH IN FIG. 

260. — ^Draw a line b c, bisect it and 

draw perpendicular to it a line from 

a; make the point a distant from 

the line b c equal to half b c; bisect 

ab, a c, in e e; with b e aa radius 

from b c and a, describe the arcs as in the diagram, and the curves of 

the sunk pannels d d. 

To DESCRIBE THE Arch EST FIG. 261. — ^Draw e/, and at right angles 
to it the line ^ ; on ^ make a square abed; from a and b, describe with 
radius a b arcs meeting in m ; bisect any side of the square abed, and 
with the distance obtained as radius ; from a b, c, d, and m, as centres, 
describe the arcs in the diagram. 

To DRAW THE INTERSECTING Arches IN FIG. 262. — Draw the line e /"; 
let c dhQ the breadth of an arch; divide it in b, draw b h; make d a 
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equal to db, and draw a g; h h, a g are the centre lines of two of the 
arches; dmia the centre line of the third. 

To DRAW THE INTERSECTING Arches IN 263. — h h are the centre lines 
of the two arches; yy* those of the others; c Cy d d, o o, are the centres 
of the respective arches; an inspection of the diagram will sufficiently 
illustrate the method of drawing them as given. 




fi^. 263. 




To DRAW THE TrEFOIL AS 

IN PIG. 264. — The equilateral 
triangle a be ia first drawn, 
and the angle b a c hisected; 
a line drawn from aio e, cut- 
ting the line c /, gives the 
centre of the surroimding cir- 
cles ; a b and c are the centres 
of the trefoil curves. 

The Quatrefoil, in fig. 
265, is described from the 
comers, hm, /g, of & square; 
a is the centre of the sur- 
roimding circles, foimd by the 
intersection of the diagonals, 
a b, c d, of the square; the 
curves, 88 8 8, are drawn from 
the centre a ; while those meet- 
ing in ^ ^ ^ ^, are described 
from the centres, h m,/aD,dg, 

The "Cinquefoil" Orna- 
ment, IN fig. 266, is described 
from the comers of a pentagon, 
a b, d e /, by dividing e d 
equally on the point g, and 
drawing a line from a to it, 
cutting the perpendicular e 
in h; the centre h of the sur 
roimding circles is obtained. 

The Ornament, in fig. 267, 
is described as follows : — ^Draw 
ab, d, at right angles; di- 
vide a c, c b, into parts at e,/; 
parallel to c d, draw lines from 
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/and e; withy* c or c e, lay from /and etog and h; from these points 
as centres, with radius g c, describe parts of circles; divide o d into four 
equal parts; from m^ the 
third of these, with radius 
g c, describe arcs meeting 
the lines produced from /e 
as in 9%, and the circles de- 
scribed from g and k; join 
dn'^ through d, parallel to 
a b, draw a line to c; bisect 
the line d n, and through 
the intersections of the bi- 
secting arcs, draw a line to 
c — c is the centre of the arc 
joining d n. 

In fig. 268 we give the 
Drawing op a Baluster. — 
a is the centre of the lower 
curves; the centres of the 
upper curves are found by 
drawing a line c h ; from a 
and b describe arcs cutting 
in d; from d, with radius 
d a, describe an arc cutting 
the line c d in c—c is the 
centre of the curve. 

Part of the Baluster 
(the central portion) shown 




fig. 266. 




fig. 267. 



fig. 268, 
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in fig. 269, is drawn in a similar manner, as may be seen on inspec- 
tion ; the centre line ia a b; the other centres are c c, e and d. 

The Ornament est pig. 270 will be easily drawn by the assistance 
of the centres marked. 



.^ 



..^ 





^--EEj- 



fig. 269. 




fig. 270. 

We now proceed to give examples of 
Vases, with the mode of describing their 
contour or outline. 

In the example, fig. 271, draw a centre 
line b h — ^the base a b,c c; the fillet d, and 
the occult line //, gg; f f, 6 e, are the 
centres of the circles of the base ; join g h\ 
bisect it by the line i i, cutting g g iak k; 
from, k, with radius k h, describe arcs gh', 
on the line n n the centres of part of the 
cap are foimd. In fig. 272 we give 
an enlarged view of the top portion 
of this Yase. Draw ab'j through e 
draw e e c] make d c equal d e; cc, 
d d, are the centres for describing 
the base— and n are the centres 
for the top. 

In the form of Vase given in ^, 
273, the centres for the base, a a, 
are on the line c b c; and at h h, on 
the line //, i i, mm, and n n. 
In fig. 274 we give an enlarged view 
of the upper part of 273. The 




€xy 



fig. 271. 



fig. 272. 
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centres d e are found b^ prodacing perpendicolaTS from o o to d and e, 
cut hj lines draim throngh the points of intersection of tlie bisecting 
circlee of the lines h o,e o; the centre of the top circle at A a is found by 
bisecting lines c a, ha, and producing the lines of bisection, meeting 
the perpendicular from a. 





fig. S7S. 



KK h e; the arcs h o, h 
scribed from the centres s; m m, nn, 
are thecentres for describing the curve 
of the upper part. 

The form of Vase in fig. 276 is 
described as follows: — Draw a o; 
form the base a a; make h c equal 
a 6; and ftwm c lay off three times 
abtohf; bisect the last part in J"; 
through /Ara-w g/g parallel to a a; 
from k h describe the arcs toe e; join 
d e, d e, bisect them by lines pro- 
duced, cutting gfg iag g; these are 
the centres of the arcs d e, d e; 
make b' n equal to & 6', and draw n 
m and ii ; mf m. ok the centres from 
which the arcs a s and o o are de- 
scribed ; t i the arcs t t, and n' the 



fl£. 371. 

The form of Vase in fig. 275 is de- 
scribed as follows : — Make Uie points a a 
distant from the ends equal to the 
height of the fillet forming the base; a a 
are the centres of the arcs ; b b, and c c, 
are the centres of the top part of the base ; 
e e are the centres for describing the arcs of 
the torus; make b^ d:=to a a'; and lay off 
frvm 6* A' and n'; through h' draw A A'A; 
join e A, bisect it by a line / d produced, 
meeting h h ia gi g is the centre of the 



In fig. 



277 the upper part of a 
given — n n, a a, A 6, c e, and 
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m, are the centres from which the curves are deacribed. In fig. 278 the 
base of a Vase is given — a h is the centre lin&; c o the centres for the 
" torus" c c c, and // for that at / e /; produce // to A A, and c c to 
d d, meeting the line drawn through g parallel to c c c; A A, aad d d, 
are the centres ot the curves. 






a: Is / .a 
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APPLIED TO ARCHITBCnmAI. DRAWINQ, 



75 



To DESCRIBE THE PAXT OF TEE HAND BAIL OF A STAIR SHOWN IN 

FIG. 279. — ^Draw a b, and at right angles to it, through the points c d 
and e; from e lay off to g g, and fi\>m these describe curves to yy and 
from h A; fros&j'J', 'vniAi./f, describe arcs meeting in a; with a b, from 
a describe the part of the circle joining the area fiim g g. 



c 










r^ 
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t\ 


r / 
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fig. 279. 



fig. 380. 



The maknbe op descbibiso the "pldtes" or hollows in the bhait 
OP A coLUUH IS SHOWN TS PIG, 280. — Let 6 a e, or rf e_^be the diameter 
of the shaft at its base; describe a semicircle 6 A c. Suppose there are 
to be 24 flutes in the shaft— divide bha into 12 (half) equal parts ; 
bisect each of these parts, and from the poiats as centres describe small 
semicircles, aa in the diagram, or merely mark the points of division, 
as A A; parallel to a b, from the points, draw lines, as cc^ 6/; 1, 2 3, 
4,5, shows the division between the flutes, lessening in breadth aa they 
approach the outside line; thus giving the ap- 
pearance of roundness or distance. When the 
shaft tapers towards the top, the diameter at the 
upper extremity is taken and divided aa above 



In Fia 281 the method op drawikg the 

HOLLOWS IN CASES WHEBE EACH IS DIVIDED FROU 
THE OTHER BY A NARROW BAND OB FILLET IS OIVEN. 

— a h is the semi-diameter of shaft; c d the line 
on whicb the semicircle is drawn; n n n is the 
breadth of the fillets. 

To DSBCBTBE THE SPIRAL 9CB0LL OF THE TERMI- 
NATION OF A HAND BAIL FOB A STAIB, AS IN FIG. 

282. — On the line a draw a square, and divide it 
aa in 283. From a describe the circle n h e; then 
fiom the point 1 (see fig. 283) describe the curve 
to e — ^from 2, from e to (f ; frran the point 3, from 
(2to c; from 4, from c to^; from 5, from_/'to g\ 
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from 6, ff h. Suppose the breo^ltli of rail to be A p; tlien from the 
point 6 draw the carvepo; from point 7, o to n. 




-i>r 



fig. 383. 

Fio. 281 oivEa ahothek method 

OF DSAWma A BCBOLL TO THS TEB- 

uraATiOM OF A HAND BAIL. — From 
h draw a cirde a c; divide its cir- 
ciunference into eight equal parta, 
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and draw the radial lines; draw the circle b d. join a c; from a describe 
the arc d e, meeting a cixx e; divide d e into eight eqiial parts; from a 
through these, draw lines meeting 6 c in the points /g, &c., &c.; from 
6 as a centre, with 6 /as radius, describe a circle cutting the radial line 
b p in p; from b, with b g, the radial line b q ia q-, with b h, the line 
b rinr ; b m, b 8, in «; brifbty in ^; do, & o, in o, and so on. Then, 
with & a as radius, describe from a and p arcs meeting in the point 1 ; 
with ^ 5 as radius, from p and q, arcs meeting in the point 2 ; with q b 
as radius, from q and r, arcs cutting in the point 3, and so on, pro- 
ducing points 4, 5, 6, 7, 8. From the point 2, with radius 2 a, describe 
the arc a p', from 3, with 3^, the arc p q; from 4, with 4 q, the arc 
^ r, and so on. 



Bradshaw and Blacitlock, Printers, 47, Browr Street, Manchester. 



Iltestraiti (^teatknri Marks, 



PUBLISHED BT 



INGEAM, COOKE, AND CO 



227^ STRAND. 



The object of the publishers of this series of educational works is to supply 
at the cheapest possible rate a series of volumes, adapted both for schools 
and private study, which shall be accurate and complete as text books, and 
also contain numerous and appropriate pictorial illustrations. 

The old system of instruction, by which the names of things only were 
presented to the mind of the pupil, has been long admitted to have been 
imperfect and unsuccessful. With the young it is necessary to speak to the 
eye as well as the mind ; to give a picture of an object as well as a dcscri|v 
tion ; and the adoption of such a plan of tuition is not only far more effective 
, than that which is confined to words, but is at the same time far less irksome 
to the teacher, and more pleasant to the pupil. A greater interest is excited, 
and the representation of the object remains clear and distinct in the mind 
of the child long after the verbal description has passed away. 

The great success which has attended the works published in this series 
(about one eighth of a million copies of one work alone having been sold) 
is sufficient proof that such a class of works is required by the wants of the 
age, and it will be the aim of the publishers to seek a continuance of that 
success in the excellence of the text, the beauty of the illustrations, and the 
lowness of price in the works to be hereafter issued. 

The volumes will be uniformly printed, but each will be com[)lete in 
itself, forming a distinct and perfect work on the subject to which it relates. 
The preparation of the volumes will be coafided to eminent \sNft\^ Val ^^^ 
department, and to skilful artists. 
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One Hundbed and Portieth Thousand, price Is., or post free. Is. 6d. 

THE 

ILLUSTRATED LONDON SPELLING-BOOK: 

ILLUSTBATED BY UPWARDS OF ONE HUNDRED AND SEVENTY BEAUTIFUL 
WOODCUTS OF OBJECTS AND SCENES DESCRIBED. 

Perming by far the most alluring Introduction to Learning ever published. 

Coloured, price 2s. (144 pages.) 

" 'The Illustrated London Spelling Book* contains no fewer than one hundred and 
seventy woodcuts, well executed ; and, what is still more important, well chosen as to 
subject, of a cheerful and practical character, instead of the fantastic, nay, cabalistic, 
forms which disfigured our earliest educational books. Even the alphabet subjects will 
be suggestive to the little learner, and such as will induce him to ask questions relating 
to them : this is the moment for imparting information with effect, for it is never so 
strongly impressed upon the mind as when given the moment it is asked for. At the 
same time, the progressive plan of the book is closely watched : the child is not frightened 
by impossibilities at its tender age ; but, both in the spelling and reading, the progress 
of the scholar is consulted by the gradual increase in the length of the words. The 
reading lessons are pretty little narratives, mostly original, and of just such incidents of 
amusement and instruction as are most likely to attract the attention of a child : they 
are cheerful throughout, although ' the good seed ' is not forgotten to be thrown in the 
path of childhood — a priceless feature in its first lessons, in spite of the secular cant and 
coldness of the day. Among the pictures, subjects of natural history predominate; and 
there cannot be a readier means of leading children to understand the beauty of earth 
and all that therein is, than by well drawn figures of striking objects in the kingdoms of 
Nature." — Illustrated London News. 



PoRTY-PrasT Thousand, price 2s. 

THE 

ILLUSTRATED LONDON READING-BOOK: 

CONTAINING A SERIES OF LESSONS ON THE MOST AMUSING AND 

INSTRUCTIVE SUBJECTS. 

Selected with great care from the best English Authors in Prose and Yerse. 

The whole beautifully Illustrated with above Two Hundred and Pifty Engravings. 

" *The Illustrated London Beading Book' is the next stage in the series. It contains 
some hundred and fifty lessons, mostly selected from standard authors. The subjects are 
not of the old * Tom and Harry' class, or of a hackneyed character ; but of actual living 
interest, in many instances describing wonders which are at the moment arising around 
us. Historiettes are sprinkled throughout the book. Its leading recommendation is the 
vivacity as well as variety of its contents : they are, to quote a common, and often mis- 
used phrase, * highly graphic ;' the events and incidents have a certain picturesqueness of 
character, which must prove highly attractive to all growths : and both teacher and learner 
may profit in their progress, though in a different ratio. The engravings are of higher 
pretensions than those of the Spelling-book : some are from pictures by eminent living 
painters ; and not unfi%quently they take the reader to remote comers of the earth, as 
we22 as .&izijliarise him with the wonders of his own country. Appended is a vocabulaiy 
of words used in the volume, and rendered necessary by the somewhat advanced nature 
of certain of the iDformation conveyed in the deBcriptWe \eaaons." 



Thiety-fiest Thousand, price 2s., the 

ILLUSTRATED LONDON INSTRUCTOR: 

Setng a Companion to tl^e !^eat)tns^}3oo6. 

CONSISTING OP EXTRACTS FROM ENGLISH CLASSICAL AUTHORS, FROM THE EARLIEST 
PERIODS OF ENGLISH LITERATURE TO THE PRESENT DAY. 

With One Hundred and Twenty fine Engravings. 

" 'The Illustrated London Instructor/ the third volume of the series, has a still 
higher aim than its predecessors — the teaching of the Art of Elocution, by * selections 
from the best ancient and modem authors in every branch of English composition, most 
fitted for the purpose of eliciting and strengthening the powers of reading and speaking.' 
The contents are less discursive than those of the ' Beading-Book;' and the 'Instructor,' 
as its name implies, is more directly educational. The plan commences with an Essay on 
Elocution and Composition: though the author does not fail to enforce the importance 
of ' the oral example of a competent teacher — without which, all books professing to give 
instruction in Elocution are comparatively of little value.' The selections, about one 
hundred in number, consist of Moral and Miscellaneous Essays; Historical and Bio- 
graphical Readings; Ancient Eloquence; Natural History; and Dramatic and Poetic 
Kesbdings. The masterpieces of English literature, by the elder authors, have supplied 
the staple of the volume; although there is an almost equal proportion of graceful com- 
positions by living writers. These impart much novelty, whilst they do not impair the 
soundness of the papers, many of which treat of the higher branches of study. The Illus- 
trations are tasteful, various, and appropriate ; and are, perhaps, of more artistic design 
than the Engravings of the 'Reading-Book.'" — Illustrated London News. 



Just Ready, price 5s., a New and most Elegant Edition of 

THE ILLUSTRATED NEW TESTAMENT, 

(aut|)orfeetK Terjlion), 

With upwards of One Hundred and Twenty Engravings, beautifully bound in cloth, 
embossed and gilt sides, gilt edges. The Illustrations are from Drawings executed 
by eminent Artists, expressly for this Edition; with Notes, Historical, Explanatory, 
and Descriptive; and embellished by a novel Panobamic Pictueb of the Holy 
Land, and a View op Lower Egypt. 



Second Edition, price 2s., the 

ILLUSTRATED MODERN GEOGRAPHY. 

By JOSEPH GUY, Jun., 
Of Magdalen College, Oxford; Author of numerous popular Educational Works. 

Demy 8vo, with about One Hundred Engravings of Cities, Costumes, and Wonders 

of the World, &c. 
The Drawi^ are made with great care from truthful sources — a desideratum so 
necessary in an Elementary Geography. Nine Maps have been engraved by a patent 
process expressly for this Work, and are corrected to the present period. 

" Highly creditable to the compiler, while its woodcut illustrations of cities, scenery, 
costume, native products, and the like, do honour to the publishers, and cannot fgiil to 
impress the facts more vividly and enduringly on the minds of the pupils." 

FifESHiBB Journal. 

** This very attractively illustrated volume is written hy Mr. Joseph Guy, of Magdalen 
Hall, Oxford, and is consequently a reliable text book. The work is marvellously cheap, 
and, as we have said, exceedingly attractive in its profuse expository and illustrative 
engravings." — Birmingham Journal. 

"The present volmne is beautifully *got up,' and being carefully compiled, presents 
a complete epitome of geographical knowl^ge." — ^Tait's Magazine. 

" A class-book for young learners. Tbe salient features of the geography of the 
several countries, with brief notices of their government and religion, of historical inci- 
dents, natural productions, physical characteristics, &c., are given in o. cc^tvsSs^ ^^^^ *^ssai^ 
is likely to make an impression on the mind oit'iia•^^x^^VV,^i^<a^^'ec^.^iW\^v^^ 
and nxunerona engravings."— Bristol MsbcxjBiT. 



SECX)in) Edition, price 2s. 
THE 

ILLUSTRATED LONDON DRAWING- BOOK: 

OOMFRISINO 

9 Complete fntrotKuction to Stalotng & Compotlitton : 

WITH INSTB.UCTIONS POR ETCHING ON COPPEB. OB. STEEL, ETC. ETC., ILLUSTBATED 
WITH ABOVE 300 SUBJECTS FOB. STUDY IN EVERY BRANCH OP ART. 

Edited by ROBERT SCOTT BURN. 
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This is one of those cheap and useM publications that issue from the office of the 
' London Illustrated Library.' It is what it professes to be— -an elementary book, in which 
the rules laid down are simple and few, and the drawings to be copied and studied are 
easily delineated and illustrative of first principles." — Globe. 

** We could point to a work selling for twelve shillings not half so complete, nor 
containing half the number of illustrations. Perhaps of ad the books for which the 
public are indebted to the Office of the Illustrated Library, this one will be found most 
extensively and practically useful." — ^Tait's Maoazinb. 

'' We may safely say that, so &r as the el^nentaiy principles of the delightful art 
can be taught by written instruction, this cheap and handsome text book is very well 
fitted for its task. That portion which relates to perspective and to light and shadow, is 
very carefullv written." — ^Bibionohah Journal. 

** The object of this book is to place within the reach of the humblest individuals the 
means by which the art of drawing, in all its varied branches, may be commimicated. 
The system of instruction adopted by our author is synthetical, as he considers that it is 
expedient to master the details of an art before attempting an acquaintance with its com- 
plicated examples. The first section of the work is, in consequence, devoted to pencil 
sketching. The second to figure and object drawing. The third treats of perspective 
and isometrical drawing. The fourth lays down rules for sketching and drawing in oil 
and water colours ; and the fifth and last gives the best mode of multiplying sketches by 
means of engravings on metal and wood. These various sections are illustrated by three 
hundred drawings and diagrams." — Britannia. 

** 'The Dlustrated London Drawing Book' is a work which has long been wanted. 
The vast number of drawing books issued have been examples for a learner to copy, but 
they have always wanted a master at their side to explain the mode of commencing and 
proceeding. Most of the elementary treatises have been of a character rather to puzzle 
than to enlighten the pupil, and even drawing-masters themselves have not always been 
happy in making their pupils comprehend the lessons they have given to them. It is one 
thmg to excel in an art, and quite another matter to convey the means by which it is 
accomplished. Too many drawing masters, being unequal to this task, work on their 
pupils' drawings, by way of showing them what they cannot communicate by language ; 
the consequence is, that after years of tuition, it rarely happens that the youth, lady, 
or gentleman, when out of the hands of their master, can make a drawing fit to be looked 
at. Mr. Scott Bum has sought to surmount this difficulty, by giving copious instructions 
with every example, and he has done so very clearly and yet concisely ; he has made his 
book a school book, to be learned as a column of spelling, a page of grammar, or of geo- 
graphy — a most admirable idea — and it is pubUshed at a price to enable it to find its wav 
into every school. We cordially and strongly recommend it, feeling that if this plan is 
carried out, it will do more to extend the progress of art than any o&r attempt yet made 
for this purpose." — Home Cibole. 

" Of the numerous elementary treatises on Drawing and Perspective, this is decidedly 
one of the best, as it is by &r the most beautiful and artistic. The text is exceedingly 

Elain and intelligible, and all the exercises, fi:t>m the simplest line to the most elaborate 
mdscape, in strict sequence and progression. The engravings are for the most part 
cleverly executed, and in such a style as can be readily imitated in chalk or pencil. In 
fact, many of them, though simply woodcuts, are better adapted for the purposes of tuition 
than the majority of lithographic sketches. By its publication in the lUustrated School 
Series, the proprietors confer no ordinary boon on the young, and we greatly miscalculate 
if it does not shortly become the universal Drawing-Book in our schools. The editor has 
arranged it into five sections — namely, Pencil Sketching; Figure and Object Drawing; 
Perspective and Isometrical Drawing; fetching and Drawing in Crayons; and Engraving 
Metal and Wood. Each section is profusely illustrated, the total number of iUus- 
fv0 dtnwings and dlagramB being upwards of three hundred. With the exception. 
^psj of the ^Reading Book' ana 'Instructor,* this volume is the best and cheapest 
^e Beiiea tJmt baajret been published." — ^FnnsSHEKE Jo^OBSAii. 
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JOHN BARNETT'S NEW EDITION 

OP 

WADE'S HANDBOOK TO THE PIANOFORTE; 

COMFSISING 

An Easy Budimental Introduction to the Study of that Instrument, and Music 
in general ; the Art of Fingering according to the Modes of the best Masters, 
exemplified in various Exercises, Scales, &c., in all the Major and Minor 
Keys ; and interspersed by Relaxations from Study, consisting of Popular 
Melodies and Eomances, and Selections from the Pianoforte Compositions 
of the most celebrated Masters; also, a Short and Eisisy Introduction to 
Harmony or Counterpoint, and a new Vocabulary of Terms. Demy 4to, 
neatly bound in cloth, with Engravings and Diagrams. 6s. 

..." As a manual, the book before us is decidedly commendable, and we have great 
pleasure in proffering it to the attention of the pupil and student, who will find in it much 
matter worthy their most careful and serious perusal." — Musical Wobld. 
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THE FIRST SIX BOOKS OF EUCLID 

WITH NUMEROUS EXERCISES. 
Printed on a New Flan, with accurately executed Diagrams. 



THE ILLUSTRATED PRACTICAL GEOMETRY. 

Edited by Kobeet Scott Burn, Esq. 
Editor of the " Illustrated London Drawing-Book.'* 



ELEMENTARY ARITHMETIC, 

ON A NEW PLAN. 

By Hugo Ebid, Esq., late Principal of the People's College, Nottingham, and 

Author of numerous educational works. 



MECHANICS AND MECHANISM. 

By EoBBBT Scott Buen, Esq. 
With about Two Hundred and Fifty Illustrations. 



ELEMENTARY ASTRONOMY. 

By J. EussELL Hind, Esq., of the Observatory, Eegent's Park. 



EDUCATIONAL WOKZS ON 

NATURAL PHILOSOPHY, CHEMISTRY, QtOUCyst<^ 



ENGLISH DICTIONARY. 



An indispensable Work for the School, the College, the lAbrm^, wndfor OefMnd Reference.- 

In One Volume, Royal 8vo, extra Cloth, 1265 pages, Price 16». Strongly bound in Russia, 
marbled edges, 1/. 4«.; Half Russia, 1/.; Calf, gilt, 1^.; Half Calf, 18«. 

Second Edition, 

WEBSTER'S DICTIONARY 

OF THE 

ENGLISH LANGUAGE. 

EXHIBITING THE OBIGIN, OBTHOGEAPHT, PBONUNCIATION, AND DEFINITION OF WOEDS ; 
COMFBISING ALSO A SYNOPSIS OF WOBDS DIPPEBENTLT PBONOUNCED BT DIFFEBENT 
0BTH0BPI8TS ; AND WALKEB'S KEY TO THE CLASSICAL PBONUNCIATION OF GBEEK, LATIN, 
AND SCBIFTUBE PBOPEB NAMES. 

A Vew Sdltton, Sevised and Eiilar|red« 

By C. a. GOODRICH, Professor in Yale College ; 

WITH THE ADDITION OF 

A VOCABULARY OF MODERN GEOGRAPHICAL NAMES, AND THEIR 

PRONUNCIATION. 

*#* Webster's Dictionary can also be had in Eight Parts, Wrapper, price 2s. 

each Part. 



Opinions of tf)e ^ress. 

"The very handsome Yolume before ns, a beautifully-printed octavo of nearly 1500 
pages, is a condensation of the two-volume quarto work of Dr. Webster. The single* 
volume version is taken from the last edition of the original work, with ail its improve- 
ments and additions. The plan of the abridgment is excellent ; it contains the leading 
and most important etymologies as given in the quarto edition. The definitions remain 
unaltered, except by an occasional compression in their statement. All the significations 
of words, also, as exhibited in the larger work, remain unaltered ; but the illustrations and 
authorities are only inserted in doubtful and disputed cases. It will be seen by this, that 
the smaller edition has been produced mainly by the very common- sense process of omitting 
the examples in the cases of undisputed and ordinary, or, at all events, not uncommon 
words, the authenticity and correctness of the definition of which nobody ever thinks of 
doubting. The richness of the treasury of words given is immense. It includes every 
possible scientific and artistic term ; and the Doctor has been very liberal in inserting all 
those expressions adopted from the French, and commonly used in the upper circles of this 
country, as well as in recognising the semi-slangish expressions of familiarly colloquial life. 
The definitions are very clear, and quite devoid of Johnson's occasional pedantry ; as, for 
example, let the reader 'turn up ' the definition of network in both the dictionaiies. The 
number of new words not to be found in other works of the same nature is immense ; and 
in the preface it is asserted, and with truth, that thousands more could very easily have 
been added. The difficulty would appear to have been the selection. Thous nds of words, 
it is remarked, can be found in dictionaries which have, indeed, been proposed, but never 
adopted in the language. These, as a general rule. Dr. Webster excludes ; but he is careful 
to preserve those terms, once household words, and which have now fallen into disuse, but 
which were yet employed by the old standard writers, and a knowledge of which is neces- 
sary to understand some of the finest phases of our literature. A good many of the new 
words introduced are marked 'famihar,' 'colloquial,* or 'low.* The dictionary is rich in 
synonyms — a very good feature — and one on which great care has been bestowed. . . . 
To all who wish for the most complete, cheap, and portable dictionary at this moment 
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existing of our noble language, including an immense mass of pliilologic matter— -oopions 
vocabularies of mythologic, Scriptural, and geographic names — some curious dissertation 
as to the tendencies of orthography, and on the elements of the pronunciation of the 
principal continental languages — we can cordially recommend the beautifiilly-printed and 
elaborately got-up volume before us." — Atlas. 

" Professor Webster's English Dictionary has long become a standard English work, 
albeit the compiler was an American. The present volume is a revised edition of that 
great work — for such it strictly is — published in a cheap form. Originally given to the 
world in a quarto form, it whs found before long, that an edition in a more compact shape 
was loudly called for ; and accordingly, in the year 1829, Professor Worcester, of Cam- 
bridge, Massachusets, undertook its abbreviation and reduction, under the direction of Br. 
Welter himself. The additions and alterations of the larger work (ed. 1840) were sub- 
sequently incorporated with the abbreviated edition ; and this e<Ution is the basis of the 
one now published by the proprietors of the 'Illustrated London Library.* It is conse- 
quently made, in all respects, consistent with the larger work ; and it presents, accordingly, 
on a reduced scale, a clear, accurate, and full exhibition of the American dictionary in its 
every part. 

'' The meaning of every English word, in all its various shades, is given in this admirable 
work, which for completeness far excels the dictionary of Dr. Johnson ; and it contains, 
moreover, a dictionary of synonyms, somewhat on the foundation of Carpenter's small 
publication, but more elaborately wrought and more fully treated. TTnder each of the 
important words, all others having the same general signification are arranged together, 
except in cases where they have been previously exhausted in framing the definitions — a 
system which is of the utmost importance to young writers desirous of attaining grace, 
variety, and copiousness of diction. 

''Some thousands of new words have been added to this vocabulary ; but in justice 
to the compiler it should be stated that many of them are obsolete terms, employed by the 
writers of the Elizabethan period, but since their day fallen completely into disuse. The 
great bulk of these additions, however, consists of familiar and colloquial words and 
technical expressions necessitated by the establishment of novel occupations and new sources 
of ideas. The ATnerictmisms, as such, are not so numerous as might be supposed; and the 
great bulk of them retained are shown to be old words with new meanings. All the 
scientific terms have been subjected to the strictest supervision on the part of competent 
persons ; and so likewise have those of an artistic tendency. The result is such a dic- 
tionary as the English language has never had before ; and which is as much superior to 
the last edition of Johnson's great work, even with all its improvements, as that stupendous 
production is to the moderate octavo of Bailey." — Obsebveb. 

" The advantage to the literary public of a cheap, enlarged, improved, and beautifully 
printed edition of a dictionary of our language, which has attained a considerable reputa- 
tion, will be highly appreciated, and will serve very materially to assist its critical study. 
By dint of immense labour, continued during the space of three years, the editor of this 
fine volume was able to augment considerably the value of the original work, and in 1847 
gave to the world the result of his extensive collations and emendations. Amongst the 
more remarkable features of this revised Dictionary may be mentioned that of its being a 
Dictionary of synonyms, though not one in which, like Crabb's, nice shades of difference in 
the meaning of words are elaborately investigated. On the contrary, the practical force of 
each word is simply and accurately stated in such a manner as to leave no doubt or 
difficulty in selection. Great labour has been devoted to the perfection of the definitions, 
a subject in respect of which Webster's Dictionary from the first enjoyed a high reputation. 
In every branch of science, literature, art, and commercial economy, the best authors have 
been had recourse to, and their definitions extracted wherever necessary. In the course 
of the revision of the work some thousands of new words have been added, important 
alterations made in the orthography of peculiar words, to keep pace with the tendencies 
of our mode of writing, and particular care taken to exhibit, as perfectly as possible, the 
true pronunciation. Some supplementary vocabularies of classical names, and strictures 
on the right pronunciation of classical terms and names, complete the book, which, upon 
the whole, will be found a most valuable addition to the library of the most zealous reader. 
It contains 1300 large and rather closely-printed pages, and the typography is remarkably 
fine." — MoBNiNG Advebtibeb. 

" It is somewhat strange that we should be indebted to American authorship for a 
Dictionary of the English Ismguage. A careful examination of the contents, however, 
would induce us to hail the work as a literary contribution of great value, and we do not 
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know any subject to which an American could devote his time and talents more appro- 
priately ; for the time is not far distant when the English language will be spoken on the 
other side of the Atlantic by a vastly greater number of human beings than at present 
inhabit the parent isles. The volume before us is an abridgment of Dr. Webster's great 
work, which has been well and favourably known both here and in America for many years ; 
but abridged though it be, the book now issued by the enterprising London publishers 
extends to about 1500 closely printed large octavo pages. The abridgment has been made 
on the plan of leaving out only the illustrations and authorities ; but for everyday use the 
work before us will serve almost every purpose ; and at the same time a degree of cheap- 
ness has been secured which will place such a necessary and comprehensive book in the 
hands of thousands, who have been hitherto obliged to content themselves with cheap, 
and often indifferent, small editions of Johnson, Walker, and other eminent lexicographers. 
It appears that Professor Goodrich, assisted by eminent men in every department of 
literature and science on both sides of the Atlantic, has been engaged on the present work 
for three years, and the result is perhaps the most complete dictionary extant upon the 
same scsde. Though the work is of American manufacture, the authorities followed by Dr. 
Webster and his editor are, in almost every instance, the standard English authors, from 
Shakspeare downwards. Many thousands of new words, which have grown up with the 
wants and accidents of society, have been included. Indeed, we believe all of this modern 
class which deserve to be retained are here included, and in a general way the definitions 
will be found unimpeachable." — Glasgow Herald. 

*' A new edition of Webster's well-known and highly esteemed dictionary. It is the 
most complete work of the kind yet published. The definitions are clear and concise, pre- 
senting briefly the various meanings and shades of meaning belonging to each word. It 
contains an immense number of words, connected with every department of literature, art, 
and science, not to be found in the ordinary dictionaries. The present editor. Professor 
Goodrich, has added, he states, some thousands in the course of revision. The pronun- 
ciation is satisfactorily indicated, and in most cases the synonyms of the words defined are 
added — ^a great advantage to persons engaged in literary composition. Further, the work 
includes a synopsis of words differently pronounced by different orthoepists. Walker's key 
to the classical pronunciation of Greek, Latin, and Scripture proper names, and a vocabu- 
lary of modem geographical names, with their pronunciation." — Leeds Td^es. 

" Webster's Dictionary is the production of the greatest lexicographer that has ever 
lived. He combined in the fullest measure the two great requisites, the highest literary 
talent and the most extensive attainments in philology. The present edition is the abridg- 
ment which was made by Mr. Worcester under Dr. Webster's direction in 1829. It only 
omits the passages cited to illustrate the definitions; and these, we think, are of very little 
consequence either one way or the other, as the lexicographer's authority should be suffi- 
cient. We believe it is one of the cheapest and best editions of the work that have been 
published in this country." — English Journal op Education. 

" A marvel of accuracy, neatness, and cheapness. A volume which gives the origin, 
correct spelling and pronunciation, and a definition or explanation of more than one 
hundred thousand words must be a wonderful book. It contains 27,000 more words than 
the most modern edition of Johnson's great dictionary. A friend on reading that Dr. 
Adam Clarke had been employed during a quarter of a century on his invaluable Com- 
mentary, immediately sent for a copy. Dr. Webster spent a large portion nir fourscore 
years in compiling, correcting, and perfecting this Dictionary. It displays* extensive 
research, patient investigation, carefulness in the smallest details, combined with a sound 
judgment, a clear head, and untiring energy. It is a contribution of substantial service 
not only to our times, but for posterity. The literary editorship of this new edition has 
been wisely entrusted to, and as wisely completed by Professor Goodrich, of Yale College. 
All the ancient and modem scientific words have been submitted to learned professors in 
the various branches to which they belong. We cannot specify all the addenda prefixed 
and affixed, but a copious geographical vocabulary is a valuable and useful feature, follow- 
ing Scripture proper names. We have been delighted with Dr. Webster's Seventeen Rules 
for the Corrected Orthography of the English Language. By their adoption some thousands 
of common errors will for the fiiture be avoided, and a uniform mode of wiiting the same 
class of words will be the beneficial result." — Wesley Banner. 
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